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CONFID! NTIAL
LINUTES OF Tol= SHAKED CHALGE XESiAlJF AND
LEVOLOPMENT STEER{NG AND COORDINATING COLMITTSS MI=TING
26, 27 July 1955

A, Qpenicy of lizeting

The Seventh ¥eeting of the Ordnance Corps Shaped Charge Ressarch mad De-
volupuwent Steering and Coordinsting Committee w. - held nt Tatcrtown Arsenal,
Vistertown, Uaisuchusetis, on 26, 27 July 1855 at 1030 hours with Dr. L. Zeruow
presiding.

Col, a, P, Taber, Commanding Officer of Vatertown Arsent] dslivered the
wolcoming talk to the Committes, fHe discussed the complexity of the Shaped
Charge Program, snd comusndoed Lthe team work exemplified by the Shaped Charge
Coamittes. Out of sha; 4 dharge rnsearch havs come such diversified Jevelop~
pents such us the bariun-titanate fuze {alucky"), flash radiography for direct
observatls;: of rapid moving events and lmprovements in HZAT smmunitions™ Col,
Taber conoluded with wishes for tue continusd success of the Committese and his
pleasure in being host %o the Committee,

B. Recammsnded Practiocos Bulletin for Targots

kr. Ac Hurlioh distributsd for inspectiou only, <opies of a "Recommendsd
Practices Bullstin for Targets for Shaped Charge Rescarch and Dovelopmenc".
Arcangoments wero made for distribution of these bulletins through the Ballistio
Rosearch laborstaries to orgenize‘ions represented at the Committas Msating.
It was requdsted that thoy be carefully examined by all who receive thom,
Comnents, correotions and any supplementury informativi which it la sonsldered
desirable to inaclude in this bulletin should be forwarded to Mr, A. Hurlleh,
Watertown Araenal, Yatortown, Massachusetts, It iz planned to issus an
addendum when it iy warrented.

C., Plats va Billst for Targets

The economicc <f stewel billsts vs steel plates os targets for obtaining
shaped chargo infornation was discusesd, Mr. L. &, Foe of the Bjorksten Re-
search Laboratories, Mr. J, Regan of the BRL, Dr. H, Winn of Firestone Tire and
Rubber Company, and Dr, E, H, Clark®of Ploatinny Arsenal presented their ex-
perlencss and the costs involved, The detuiled costs of wsiorial snd labor is
published in this issus of the Shaped Charge Report and wili also bs included
in the "Recommended Practi-es Sulletin", .

Dr, Pugh poinvad out that whers volume measurements are dasired, the bil-
let tergot is superior to the plate, However, the diametor of the billat mugt
ba larze enough *. mvoid swelling end deformation of the targev Ly the pense
trating jevs, Or. Pugh slso stated that perfo sance.wiss nc differences have
bean detocted batween billot and plate targets, iHuwevar, with better charges,
sa3ail differences in the buhavior of steel billet and stesl plate n.ght be
dotectable,

Col, Tater suggested that because of the high materisl ocnsts involved in

ePiomtinny paper will appear in the next ijive of the Shaped Charge Reswarch
RQP"‘Z’&‘ z
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tne nse ol steci targets, sons thought oo devoted to ctie uze of a*th-r materials
ana torts 1alch wight Yo chesper then sieel, for exsmple, targets cosaisfisz,

of caoriainers fillad with water or send.

D. 57w AT Dovelopment Progran

Rr. G, E. Jacobson, Picati~uy Arseral, reycrtod on the 57mm J¥AT Dovelope
ment Progrem as followsx

1, Priority assigoment 4o tbe project has beon raised from priority
2 to lep by OCKA-590, through the elforts of Mr, Maszev., However, the oifiofal
OCM hed not arrived at Picatinny at.time of discussion,

: 2. Allotment of additional {unds for this program had not been :e-
osived, -

3. PFollowing ti ~ auggestion made at the previcus Committee masting
for oloser limison between Picatinny Arsenal snd Carnogie Institute of Tech-
nology, 25 oones were sent froa Pioatimny for inspection by Carnegle Instituto.
Results of inspsctions to date indicate little dimeusionsl varistions {rom the
Picatinny results., A4lso noted was the fact that ths resulta of inspections
performed on the Camin manulaccured slsstrofecrad liners wure not as variable
as kad been previously belisved,

4. The inspection procedure and ths results obtuined at Ploatinny
Arsvnal were desoribed ss follows:

Two hundred liners were received by the Arsenal from Canin Laberue
tories, 38ix liners were checkad for wall thicimess at 3 circumforontial ard
two longitudinel polnts. Maximum disporsion was 1.6 miis, Index angles mot
specifiostions, Five liners were chosen to check offset sngle of flute (whioh
requires nutting the liner) C(Ifset engles varied from 27° to 42°.where the
drawing requiremonts were 30°. Maximum fluts depth variation was ,3 ail in
any oue liner. fiererally, the linars which were reported to havae dons so
poorly in compansating for #pin d- not shcy thamseives to bs inferior dimension-
ally.

One point noticod was that ul tne bazs of “4a flute, the poor pere
forming liners had a snarp corner, where previous!y tters was s radius, In the
belief that this sharp corner say heve induced a woakening of the liner and
posaibly break-up of the liner prior to its collspse, it was plomned vy Plextinay
%o investizste the parformmaco of lners similar in ell du’all to the pon-
gorforming ones with the exception that the bvase woild be filleted insteal of
sharp-cornersd. Iloeever, to oxpedite the sork on this program, additional
funds would bs esssatial. Dr. Eichelberger responded thet photomicro. raphs o
the liner profiles aent with the originel drewligs illustrated a radlus al the
base of the flute, Appsrently, these profiless vers not Zolluwsd in the fabrie
cation of present liners, However, thure huc uaom ac pest experieunce which
vould warrant an cxplenation for tha poor performanc. boing based upon '~
sbarp va the filleted corner. It was suggested by Dr. Zornow that inatsud of
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investigating what fectors havs gone into iraking these presont liners perform
30 poorly, it viould be of graster +alue to go back t- the dirsnsions and con.
figuration of the ¢ld laify liner, which did ¢now good spin c.upensation, and
atiempt to reproduce thase in all dutails. Thus could the laborutory results
be more rapldly applisd to the devalonment of tae 6Tmm A2AT Servico round, It
was alan sugzested that Picntinny wmight obtain = « 57aum flulsd liners fabri-
eat .’ by Moe Lizht which givo 7" penstration at 710 rps, The process in=-
volves ¢ drawings=coining comblnation with tha flute having a large radius on
the extorior and & swall redius oa the intericy,

Es Shapod Charzes nt Lorz Standoff Azainst Adroraft

_ Kr. R. Sowsll of 4. Naval Ordnence [est Station, presonted some of the
ourrant investigations on the srfsots of aluminum jets upon thin walled fuselagos
¢% long stondofrs with charges ranging from 4" to 8-1/3" in dlazetor. This
paper appears in this issue of the ohaped Charze Report. One conslusion which
was dravn from the evidenoce presentod =was that in addition to damagos from the
Jet porforatiang the fuselage wall, oonsiderable demags to the fuselage resulted
from foroun generated within the fusolagos sfter ihe jet perforated, Projected
slides showcd complate rupture of the fuselage as ths result of an aluminum jet
from an 8~1/2" diameter charge fired GO feet Srum the fusslage and psrforating
the fusnalage wall,

Fo Jltrasonios in Non-Destruotive Tssting

Nro C, Hustings of the Wntertown Arsenal presentsd a novie on the use of
the Sperry Ulrrusonioc Refleotoscope wiich had been modificd for eusy manipue
lation ovar irregular configuratifons as well as rough surfece finishes. This
has pean »scomplished by: -

i. A seriss of weighted hinges which pormits easy movement of the

. arystal over tha susface of tha object baing inspeted,

2. A seriea of curved or strai at facea adepters, fitted over the
crystel faca which permits the crystel to ride over curved or flat areas,

3. A wator coupiing between the orystal and thu laspectsd surface
whivh pormits the ude of ultvasonlo seeker over rough surface finishas,

Possible application ol this typs of reflectoscope for determining the
penctration ol & shaped olarge jet into a stesl turget wus discussed and Ur,
Hustings exwressed ths opinlon that the ssnsitivity of the refloctoscops donld
be made to differsntlate between the bottom of the hole and any coppsr frou the
Jot hich may have boon dupusited in the heols, It =571 sug;e3ted that the «p-
plication of the Ultrasonic lieflectoscope be considered.

Ge ReSelt Dxplosivess Polential Use in Shapud Charges

¥r. C, E, Jacobson sresented a paper on an explosjve beinz investigautea
by Picatinny Arsena) which involves raplacing some PDX with a msterial desige
gatcd HeS1t. Rixture 738 cwrreatly . & wasiats of 70% WX, &Y R-.aly,
2.1/4% Tenanthreue end 1/2% 2-Nitrodiphenylemine. Hixture 38 ic less sensitive
to impac: thap Comp 8 anl hes » stabillty equsi to 50/50 Pentolit.. The
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s0lubility of RNX in R-Salt is epproximately twisce the weight of Ru.Selt., Hie
sults of tests with mixture 38 in shmped cherges have not been very sucouraging.
However, ta. chargos were found to be porous, chipped an3 the cones loose in
the charge dus to pour castiag tecnniques, Purther investigationa are iatanded,
The full paper appuars in fhis issue of the Shaped Charge Report.

H. Surface Effests lnvestigation

The discussion on the Surface Effects Program which was on tho Agenda for
this mecling » v Jdeloted due to temporary delay in t-. %esting progrem which
is being conductod a* Picatinny Arzenal, Soms results may be available for
the ne>t rueting. A parallel investigation is currently under way at the
Cornegio Instituco of Technology, involving liners rejected by the Moe Light
Compsny for slight defects, Thase will bs fired to detect what effects these
slight flaws heve upon pecatration,

cremn weemsera e s

I. Library of Congress Bibliograpuy on Shaped Charges

Mr, J, Gidson of the Library of Congress announced that the Shaped Crarge
8ibYiography propered by the Litrary will be ready for distribution in August
1966,

Jo Dr. Pugh expressed for himself and for the Comulttee the regrots felt at
Dr, Zeraow'sz departure frow the Ordnance Corps and the Shaped Chargs Committee.

Ko MNr. M, Millar of OCO was nominated and unanimously slectod as chairman of
‘ the Comnittee,

L, 90 - 106 - 120mm Caliber Evanlustion Progranm

Dr. Zsrnow preseated the current thinking on plans for firing the 50 - 108 .
120wn Caliber Evaluation Study., Plana sre being formulated to add ¢ tank
evaluation phase where 9 rounds of sach caliber as well as an additional 105mm
wodification will be fired againse tunks snd evaluatad for lethsl effectiveness,
It is plenned to fire these four sete of rounds againat four identioal tanks,
Problems which arise in planning this phase ers:

1, Selection ol typs and model of tank,
2. Whioh tanks nomponents must be operative, which may be similated.
3. Loostions on Yanks for point of lujact of rounds.

Geuerally, 1t hed boon agrosd at a ponvicus meoting of the BRL (IBL & WSY),
Pirestons and D&PS that the fuel and emmunition compartmenta ars too sensitive
to be used to diflerentiate diffareices in ~flactiveness betwoon the 90mm and
120mm HEAP yrand  Honoe, the vonclusion had been rams ':ad that all firings
should be conducted into the orew compartment, Further mestiangs by ti.- .ombers
directly concerned with thic progrum is belng planned. Mr. Salter, Detroit
brasanl, suggested that in conducting such a progrem, siuminwa liners in the
12Cim. celiber should be included, with this largar calibor, tne aluaiaum jJet
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rmay achieve tns puonstration reguirsrments ao% obtainable in the swallsr calibars
end tho fnercss>d lethal effeotivaness may moro than compensii. for the larje
caliber necessury to echiove the renetration,

Dr. 2ernow ajroed thet such an exporiren’. would v of value end agreed
that it should be undorisken ut & latar date. sowever, the time availuble {o
completo the Caliber Evaluaticn Progrum we Jd uo. rermit these additional £i,lnge
to be completed 1. this proesram. Inclased a8 Appsndix III is the Caliber
Evaluntion Testing Prozram on tne 90 - 106 ~ 120mm HCAT Rounds as currently
planned.

¥. UDART" Lellnliuy Evaluation

Ur, Zernow describod the problems involvnd in assessing the lethal &f-
Pootivencss of tho "DART" Warhcad as very similar to thc provlems facoed in the
90 ~ 106 = 120mn Caliber Evaluation Program, Any conclusions arrived at en
testing procedures for the Caliber Evaluntion study may be applied to tho
"DART" study.

In conjunotion with these two progrems, ur, Salter mentioned th. availa-
bility of a wooden model of the S ILI, oconstructed by Vetreit Arzenal and con-
taining ull components bassd upcn the most ourront informetion. o suggested

hst this model may he studied for possibilitins ol constructing simulated
tanks or components instead of usir¢ Amarican model tenks against which to test,

N. Editor of Shaped Charge Research Report v

John Squier wag proposed as the Editor of the Shaped Charge Research Re=
port to replace Dr. Zernows This was agresd upon, '

Os Jothality Evaluation Committes

With the inareasod emphasis on lothality eveluation of sheped chergs
sumunition, the Shaped Charge Comnittes rocommended that a Lethality Evalue
ation Committee he orgauized or if one is in existence, it be ramotivated,
Nro Miller undertock to leok into this mabter,

*P, Contributions to tho Shaosed Charge Research Report

Ur, Squier requcsated that all members of the Comai*tee channel matorial
of interest in the shaped charge field into the Shaped Charge Research hepori,
thile there have been some contributions, many mors con be uzed and erc do-
sirod.

Q. Coordinatoed ietallurgiosl Program

bro 4, ¥arkus, Fea-%ford Arsenal, desoribed the purpor. of the Coordinsted
Hetallurgical Programe It was desired to condust a etudy of processes which
could be utilized in tho fabricatica of liners for HYAT eamunition, This pro-
rrem was ewbdivided as follows:

I. Pleatinny Arsenel 4o study liner production metheds anvolving
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Mooting on Lethality Evaluation Ageinst Tanks

A meeting wae called at TBL on 21 July 1855 by Dr. Zernow for the purpose
of dicoussiug & test plan fer the Jenk Evaluation Study of the Lathality of
Ammunition., In attendance ware:

Pvt. Ring D&Ps

Mr. A. Pillersacrt D&PS

¥r. J. Ferold D&FS

Mr. D, Hardison BRL

Ml'o Jo Hanna D&PS

Capt. Fisher D&PS

Dr, L. Zornow BRL

uro I. Li'bﬂrm BRL

Mr, J, Regan BRL

Mro G, Zeller BRL

Mr, 0, Milder Fireatone 1ire & Rubber Co,
Nr. C, Dunkle Pisatinny Avsennl

The discussion revolved around plans for thoa ourrent program on lethelity
svaluation for the $0-108-120me Program and tha “DART" Missile Frogram. Ia
both oases, it has beon agraed that a phase for evaluation against tanks would
be highly desirable, Howsver, the method for obtaining the desired information
egeinst tanks was not as olecr,

Atter much disoussion, the more obvious points which require dooilion in
the eveluation sgainst tanks wers snwnerated as Jollows:

1s The selection of the tank,
aes 8election of modsl of tank,
be Nunber of tanks required

0e Tank instruments which would be necessary and the possie
bility of eimuleting somo of thess.

d. Operabllity of componentas which are cesiradble,
2. 8alection of tenk jurface ageinst which to fire.
a. lo~aticon,
{1) Turret.
{2) Crow compartmsut,

b, Obliquities of swrfess sgainst which firings should Us
oconduotsd,

o¢ Proximity to susponsics euvst -x,

3. Boumarstion of typs of deta thez weulld bo sacoraed in great cue
tail, The metlod !o be empic d in analysing the duta shoula bto olearly
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defincd so that proper assessment of damage could b+ perforued in the initis}
stages,

The suggostion was made that the group ettending this meeting considor
theselves an Ad Boo Comaittes, mimbers to deve = some thought to the problem

of evaluation of lethality by use of tanks. Ancther meeting Lo he oklled to
oonsider this question further, .
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COMMENTS ON TARGETS USED AT 7% RALLISTIC RESE420S LABORATORIES
J. 4, Regan

Balliastie Researgh Laboratories
Abordeen Prov:»: Ground, Maryland
The target usod by the Ballistic Research Laboretories 1s mads up of

6" x 6" x 3" blocka stacked to a height zreat snough to absorb the entire jet.
The shot is fired vertically and the penetration is determined by counting the
nwmber oU rlabes completely penetrated and adding to this the penetration into
the final plate, The penetration into this last plate is determined by cutting
the plate verticaliy ian a Raoins hydraulic ocut-off sew, Model 30-C thus ex-
pvaing the oroas sesction c® the hole and permitting a measurement of the depth.

Tho targot material most comuonly used is 1020 steel, Purchased in quane
titles of fif4ty tons or more it is possible to obtain an entire heat from onme
furnace thus getting soms assurance that the material is metallurgicully cone
sistent,

The plale is hot rollsd to 3" thiockness and shipped tu the Proving Uround
in sheets. At the Proving Oround the plates ars flame out into 6" a 6" x 3"
klocks, Any slag present alurg the edges of the blocks from the outiing is ree-
moved hut nothing further is done in preparation,

The aost brsakdown for the preparation is given on a "per block" basis snd
the cost of each target with the penetration determined is listad later,

Pabrication 0ost (per bloek)

Material $.44
Labor «36
Supplieas (acetylene, oxygen, eto.) .19
Total fabrication cost per blook 0.8

Cost of Each Target {Average of 6 blosks per shet)

Five blocks @ $1,98 por dlock $ 9,90
Cutting last block to determine
peustration . «08
Total cost of targed per zhot B

The bYlocks are out at the rats of § per nour or sbout 30 to 36 per day.

It has beon suggested by Kr, Roe of the bjurkater Raweuroh Laboratories
that the us, of ro:md stook to make cylinders vhich wo.id be fired luto - lally
ar) more cconomicsl, A cylindrioal target of 3" round stook 16" long aquivalent
o the stacied blook target would cost $1C.68 buzed on costs at Absrdeen Proving
Oround, The expense of determining the penetration mould livroase tne cost %o
well over $11,00,

¥ zavings of oither tlme or money is indicwted oy these figures, A4ds-
juate facilities for outting, +x.sing and handling large quanvities of steel
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plate are already aveilable at Aberdeen Proving Ground ard this fact contributes
stropgly to the low jovel of the cost, At other installations wshere such squipe
meut is lacking it may be necessary to resort to other types of targsts such

&s steel oylinders.

In the 1ight of the above data no chsuge is contsuplated for the target
struoture presently used at the Bailistio Yesearch Laberatories,
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ABSTRA.CT OF PAPER
Pregented By

L, A, ROE
BJORKSTEN RESEARCE LABORATOPRIES

At

THE SEVENTH MEETING OF THE ORDNANCE CCRPS
SHAPED CHARGE RESEARCH AND DEVFI.OPMENT
STEERING AND COORDINATING COMMITTEE

Watertown Arsenal, July 26, 1955

USE OF STEF&L BILLETS AS TARGETS IN THE EVALUATION OF

THE PERFORMANCE OF SHAPEDR CHARGES

This paper descrites the adoption of round steel billets, 10 to 20
inches long and 5 inches in diameter, as target materiai in place of one-inch
thick mild steel plates, The work was performed undexr a contract from the
Ordnance Corps, Picatinny Arsenal. All static firing tests were made with
the 90 mm T108E40 HEAT shell,

Following the recommenca:ions of the sponsor we first used 5 x 5 x k=inch
thick mild steel platcs as target material, It was soon realised that the handliag
cperations involved with the thousands of plates required in our tect program
would be very coatly, Therefore < obtained soiac ateel bilizig 20 inches - =g
and § invhes wide in diam.ter, The billets were Special Xar Quality C-108
steel, showed Rockweil hardnesses of €7 to 70 and weighed about 114 pounds sack,
When the first static firing tests were made, it was found that about 200% more
shots could be made during a given time., Also, time was saved in numberng
plates, storing target matcrial and in meisuring tne volume .4 th= hvle peoduced
by the Jet, The cost per peund of billets was less than that »f platea when sinall

lots of a few hundred pounds were onsidered, Later quotaticns on quantities ot




40, 000 pounds or over showed asimilar costs per pcund of plates or billete, A
July 21, 1955 quotatior. from: Central Steel & Wire Company, Chicago, Ill, gave
$5.0 per hunflred pounds of 5! diameter H. R. "-1018 58Q steel, Plates of the
sarae quality steel were quoted at $5,50 pes .undred pounds, These are mill pr:-es,
Coats of cutting were as followa:

Billets. $9,98 for first cut, each additional cut @ $0. 60 each,

Platcs: Saw cutting, First cut @ $0, 75, each additional cut @ $0, 24 2ach,

Flame cutting would bt considerably less than saw cutlliig of plates,

The 20~inch long billots were difficult to handle and future testa will
bhe made on 10-inch lengths which weigh about 57 pounds,

Depth of penetration is obtained by taking a rough measure by inss=tlug
& wire in the Lole and cutting off (he billet at that point, Then the bottom of the
holz is drilled for exact depth if measurable quantities ol copper are present,

It was noted that much less copper was found in the billets than was found in the
plates, This observation may be reiated to the fact that an orange-red column
oi flamnes was noted when billets were used in static firing tests, No flames
were visible when plates were used,

The conclusion we have reached concerning plates versus billets is
that billets are preferred when one type of round is being tested, If several
types of rounds are under investigation, then the first 8 or 10 inches of the
target should be a one piece hillet while the balauce niay ve one or two ™

steel plates,

BJORKSTEN RESEsiTH LABORATORIES

A

fic 1., A, Roe
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Currunt Vork on the Nitroso~aaalog (R-salt)
of DX for Applicatic to Shaped Charges

C. &. Jacobson

Samuel Peltman Awmunivion Laboratovies
Picatinny Arsensl, Dover, N,d.

Ploutinny Arsenal las besn woricing fo. the past year on devolopmeat
of the nitroac-analog of RDX. The work has been directed toward pro=-
ducing & material of ligh purity and acceptable stability as well as
utilisation of this exploaive in new castable coupositions of improved
porformance.

R-salt; oyolotrimethylenetrinitrosamine, has 3 NO groups as compared
t2 RiX,oyclotrimethylenstrinitrawine, rwiv.ch kas 3 KO, groups, R-salt is
reltively cheap and simple to mamfacturs using ammonis, formaidslyds,
scdium nitiite, water or ice, and a strong mineral scid, It has a melt-
ing point slightly ovar 100°C and a sensitivity to impact approximately
ths seme as TN, Howevsr, it has 20 to 30 percent more power than TN
in auch tests as the spherical lesd block and ballistic mortar, More
important, prodably, is the fact that R-sult will dissolve from 1} to 2
times its own weight of RDX,

One Resalt camposition, designated as Mixture No, 38, has been
studied for its uze in shapad charges. Mixture Mo, 38 has a heat sta-
bility slightly better than the 50/50 Pentolite used during World War
II. Itz sensitivity to impaot value, obtsined 2n the Bureau of Minea
Apparatus (5-kg weaght, 100 .esis, 50 perceat point), was 24 ca as
coupered to 17 em for Composition B, Mixture No, 38 has the following
soaposition; 70 percent RDX, 27 percent R-salt, 2,5 percent phenanthrens,
and O, 5 perocat 2-nitrodiphenylamine, The phejanctlrese is present as a
melting point depressant, the 2-nitrodiphenylamine @s a stabilizer,

The quantity of Resait available was small so the tesis for evalus~
tion of lixture No, 38 were ¢f necessity limited,

Rate of detonation sticks, made of comvolubs wound boxboard tubes,
16" loug, 1t ID and 1/8" wall thicknnas, were leaded. Five sticks wers
loaded with Compogition B and 2 with Mixture Ne. 38. Rates of detona-

vion in metera per second, obtainsd & *ru rotaling Jrum camera Wers as

followss
Composition B Yixiyrs No, 28
7600 870
650 8190
3.2
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Composition B "Mxture No, 38
7740 85204
7160
7160

#This figure wes read from a poor trace and should be discarded,

One 90 mm M71 HE Shell w.o loaded with Composition B snd anotner
with M.cture No, 38, Both shell wsre buried in sand and initiated with
e modified M5y Muze, The Composition B-loaded shell produced 2340 frag-
ments; the Mixture No. 38-loaded shell, 716 fragnents. 1he increase
ms fairly well dictributed over the entire range of different sizsd

Miﬂ“o

Hive shaped charges were loaded with Composition B and 5 with Mix-
turs No, 38, The motal parts used vere a copper cane from the T205
3.8-inch HEAT Rocket Head, machined to a 070" £ ,001" wull tidckness,
silver goldered in & 10¥ long, 3.175" ID, 065" wall thickness, steel
cylinder or tubss The charges were fired by means of 1,5 diameter
tetryl pellets and U.8, Arxy Type II Special Blasting Cﬁ.zg into stacks
of  x ™ x 1* mild steel plates (Brinell hardneas - 116) at & stand-
off of 75", The following penstrations, in inches, were obtained:

Somoslidam B Mdure No, 38
a7 . 15,
7.2 16.8
19,9 17.2%
20.5 1.5
Lo 2022
Average 18,55 17.70
Sﬁl‘l Bef 29 56 2 ;O&’r

¥ese 2 charges were ioose in the cone-cylindey assemhlies,

ALl of the shaped chargss losded with Midture Hg, 32 were chipped sround
the peripnery amd, as noted abowe, two of the sxplosiys chiarges wers
loose in the metal parts assenhilos,

ALl of “he above loadings wera made by a sinule pour method, The
Mixture No. 38 vas poured at approximately @39 ard aset at’s',"c, Densi-~
ties of 1.6 gu/oo =nd 1,67 gn/ce were cttained for Composition B and
Vixtwe No, 3B, vespectively, Radiographs of the loaded items showed
consiéarshle cavito*ion indicating that the loading mathod afaecfe.d modi-
#ieation, The iters wers tested in spite of the cavication biiause 89
145tle of the K -suit wus avs..n0le,
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It was concluded from the :~sults cbtained that R-salt compos.idng
wore definitely promising but that further development work was necesssry,
Two results of this work have already been prodvred, Onc is that the
heat stability of R-salt has been improved by reurystallizing the mate-
risl {row boiling instead of merely hot isoamyl alcohol, The second re-
suly has besn a new composition, dssignated as Mixture Ne, 59, This
consists of 70 percent RDX, 27 percent R-salt, and 3 percent 2-nitrotri-
ponylamine, The 2-nitrotriphenylamine has been found to be a mare
offactive stabilizer L.an 2-nitrodiphernylamine and also acts as a melting
point depreasant. Mixture No, 59 can be cast at 96°C and sets at 85°C,
Ite impac’ sensitivity valus 1s 30 cm &s ccupared to the previcusly
mentioned 24 cm value for Mixture No, 38, It is planned to evaluate
Mixture No, 59 in & manner similar to Mixture No, 38 as soon as suffi-
cient R~salt becomes available.

Aluainized compositions containing R-salt also ai« being studied.
One of tho composition: containing 56 percent ROX, 27 percent R-salt, 1k
perosnt (6-micron) aluminum, and 3 percent 2-nitrotriphenylamine has
been oaloulated to be 166 peroent as powerful as TNT, This composition
pours easily and ylolds a satisfactory cavity-free cast,

When IMX has been subsiituted for RDX in Mixture No, 59, the compo-
siticn s acre difficulv to pour but when cast ylelds charges of seeming-
1y hdgher mechanicel strenghh (difficult to break up by hand or even

“ueing & leather mallet),

Purther work is planned »a the R-salt/RDX compositions, R-salt/HMX
soapositions, and eluminized compositions, but the offort now is on
R-s2it/RDX ocmpositions because funds sve insufficiert to perform all

the work simuitansously,
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DIl EFFECT OF SHAPED CHARGES AT LOKG STailDOFF AGATHLHT AIRCRAFT

k. G. S. Sewell
o 4\0 Cosn
J. Pesrson

t Viarhead Research Branch

\ Applied Research Division

Propellants & Explosives Department

7, 8, Naval Ordnance Test Station
Chins Leke, California

i ) The Nuval Ordnance Test Stution is continaing the ine-

vestigation.of the.effects of shupod charges at long stendoff
ageinat, alogrdalft styucwvres, The damége mechunisms are des
N seribed, and &: tttempt is made to expluin the processes
sotive: in: pkoducing”uporific éxplosions, The results of
racent ﬁringe aguinat alreraft structures prove conclvaively
, that ahnpod fohargn ‘can’produce immediute or K=type kiiia
against bonbexr-style - wiroraft by means of vaporific ex-
nlosions, ‘(Fiotires.wére:eliminated from the report to fa=
cilitate publicntion.)

The. U.-8, Nayal Ox‘dnance Test Stetion-has ploneered the study of the ef=
Teots of shaped ‘cherges bt Iofiz standeff sgainat sirereft structuces (Ref. 1).
Wihile none of the durrent eirdraft. nissilée are using operational shuped churge
i warheuds 88 yot, ‘the work conducted-at the laval Ordnance. Test Station has

afotsed the 1nteres+ of rissile designers hoth in this conntry nd ebroad, and
pronises to produce practical werheads which will huve & good immediate, o k-
type, kill probability ot distances of 10094, or moro,

- e~

In goneral, therc ave two primary davege mechanisms whic act to produce a
sheped charge kill, They are (1) perforation by & jet of high and hyper ve-
loci’cy particles and (2) vapor.ﬁc explosions. The t‘rpea of danage vroduced by
the two mechenisns sro quite distinst, .The perforstine et produces holes in
the structvre while the vaporific or "Rinehart® efi?ect produces demese : .nly
y by intérnel blast, Which demege mechanism will he primecily operative in a
given ouse will depend on such fanters zs the sheped cherge size, cohe geomernry
end waterial, standoff distance, end elevatica,

Shaped charges which can vroduce perforation dawage cwa wiso u°uall.y d.to-
nete bomb loads, 4side from L.ub detonution, however, the perforetion tyre

dumage mechanism becore3 important zs a K-kill producer only when the sire ond
density of the fragm-avu jot is suff'laient %o produce an envrance hol2 with &

34h
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diameter which is significant when compeared to the linear dimensicns of the
tarpet.” Perforstion damage is the primary damage rechanism for shaped charges
nade wlth steel or copper liners. and is active, although not necessarily the
primary damage mechanism, r'or shaped tharges with zinc or aluminum llners.

The vaporific explosion exhibils many of the ssmo characteristice as the
datonation of & high explosive c¢h aren inside the aircraft structure, sieparate
eiroralt subjected to the two types of damuge both show the effects of interrnal
blast, Structural failure mechanisms appear to b. *Le same in both cases. in
eddition, both the vaporific explosion and the detonating explosive demonsirate
a sharp nuteoff in the damege produced as the size of the chargs is varied,

That 4s, as the  harge size is ingreased the resulting damage romains fairly
ninor until a oriticsl size 1s reached at whioh point the damags becomes
cuvastrophic,

The shaped charge damape cut-off iz shown by the effeots of & gseries of
soaled shapdd charges with aluminum cones fired &b 60° obliquity and 60 ft.
standoff against a.rt fuselage sections of B=29 bombers, & 4f=inch diameter
shdped chargo pcroduoeu only minor to negligitrie Jamage of the per!‘oration type.
A 6sinch dimtor charae. produced miror damege similar in @ pesrance o that of
the smaller oharge: but with-a hole dlameter about 2} times as great. A 7¢~inch
diameter chirge. alnost prcAuced o K=xill with the appearance of vaporific damage.
dn Bh=inch dMafeter charge produded an obvious K-kill by means of extensive
vaporifigiolant dunages -

So'rax'al auteupts havp boon made to explain the vaporific demage mechanism.

Po:hapo the sost- oomonhr* accepted éxplanation has been that the blast effect
. produced by vaporifios ‘was the-reault of the burning of the aluminun from the

alforalt-as vell as the’ 8brn*ng of the shaped cherge liner material, Another
explanstion: ut’ forth By T, ‘Triffett in & as yet unpublished woik (Refs 2)
p:'opquga w*meauuro of &he’ yaporific dsmags which would be proportionsl to the
enérgy of the mpacting mticle, and inversely proportional to the volume of
the e!aolosuro, with modifications for the venting and the initial pressure in
the ancloa\n'e.

Neitt;or of these approaches fully satisfies the date obtained from the

.actual teste althongh Triffet's approach is quite good under certein conditi~- .

While hurning aloninum can release & large amount of enuvrgy, f'~° con.ﬂ_. A
which prevail duving the time that the demege is produced de nc* :npe&r te.
permit sufficient oxidation of the aluminum to teke place, Further'nc... ey the
burning whioch cesurs is carried on over such & relative,y long period of time

"that it would.fot produce the explosive style damege that s observed, The
- Qehage produoed by vaporifics occur. so raridly thet the veuting of the voluue

nakes 1ittlefor no Aifferenco, For example, in the .ave of several rmselage
shots with 8f=inch diemeter charges the structural kill was well undernay before
the effects of venting could possibly be felt.

4 more comprehensive approach seems to be one, which thongh it mey rav: sueu
considered at an earlier date, eppvars to heve been pageed over in favor of the
sombtustion hypothasis, Namely, that the primery mechanism active in the vaper~
ific effect is thu rapid tr :<ormution of the kinztic energy of the jat into
more random energy of the taurget fragments and the broken jet fragments after
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inpact., &t first glupce this may appear similar to the n}pothevig prepenea by
Trifferv, There is ¢ considersble difforesnce, hnvcver, si;ce the demere deperds
nct on tho eneryy of the impaecilng particlic but on the zmount of enersy cantured
from the impaeting verticle end redistributed in the test enclosurc,

The process is visuslized as occurrins in the followlng steps. Firsty the
impacting perticle strikes the turget. L..onl, depending on the materials ox
the targst and of the particle, the particle yields some of its eneryy to the
target. This results in a nass of secondary particles be'ng released from the
beck of tie target. The impacting particle ney also break into very small
pleces which wi’l continue into the target volume., Third, the ubove situation
eriated & resion in sp: 2e which contains a large number of particles that are
traveling st o lower veloaity then the particles in the jet which are following,
Fourth, tis next partioles strike the particle infesnted region, bresk up, and
yield their epergy to this fragment oloud, &nd, lastly, the atove process
continues until an explosive expenslon ocecurs,

As cah be seen, the vepcrific damage will be dependent on the liner ma-
erigl, the tarpet material, and cspecially on tre enerpy of the impacting jet.

The most desirable jet material would be ono which weuld shattor on impaect,
releasing u large porcion of its kinetic energy to the randor motion of tho
perticles in the fragmont oloud, From the delivory standpoint it would be very
desirable to have the metevlal stey together until it ;mpnctu the tergot, Theso
ara confliocting desires, buv they are satisfied quite well by eluminum vhich laus
outperrormed other liner naterials in almoet all asts involving veporifics.

?he order of performance n® various liner materials which have been tested
£ita: both the corbustion and the energy capture hypothesis, for the materials
teqtqgﬂwhich broke up readily on impact were alsc chemically active vhen dise
persed-as.Line -particles in air. Severul of the commonly used liner metals in
their order .of descending ability to produce vaporific damage are aluminum,
2lubl, and goppers Zino can be rated ab equal to or superior to aluminum under
certaln 1imited conditions.

The ordeér of the same muterials for their retention of sbility to cause
perforatior-Atyle damage a3 the standoff is increased is the reverse of the
order for vaporific damage, copper being the best, 2inc definitely falls at
the bottom of the list for this latter seriss, The zinc purticles in the sh-
charge jet are so fine that tbeir velocity is preatly decreased in prszing
through the air, and at long standoff very little of the liner material reaches
the turget,

The long standoff effectiveness of a shaped cherge appeers to increase with
altitude up to some Yimiting velue at which point the deie: levels off and
remains fairly constent, Results obtained in the lzval Urdnence Test Statzon
Csotrolled Atmospheres Laboratory using smell shaped chersmes with aluminum cones
and decreesed chamber pressure to simulate high altitudes indiested thoiy in
geaeral, the degree of damage increase.) serkedly up 1o sltitudes of awbout 33,070
£L. and remained heavy up to 116,000 ft., tle highest sinulated zltitude used
(Ref, 2)e Ths velidity o? extending the results of thesc experi.nts to full
scale situations is someviist ques*<orable, but the trerd of increasing ef-
faetivonsss ur to some ¥rlatean eltitode® would geem valid,

26
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The question uf which mechenism or .haf, combinaliou of mechr.ssums ie
responsible for the vaporific explesions produces b, siupec churges at loag
standoff is an interesting end important problem. However, regardless of what
explanation is finelly accszpteas the -resulls o the recent experiments are still
valid and of conasiderable importance %n uiiose involved in the design end evalu-
ation of guided missile warheeds,

Probably the moast aignificant single inding of the recent shaped cherge
tests conducted at the Naval Ordnesce Tast Station is the faot that vaporifia
oxplosions ocan producs & K=kill to bomber asfyle aircraft. Thls finding removes
iyenorific demege® from the oategory of & bonus offect in damage evaluation to
one of p:lmary Iuportance,

The other finding which should help to clear up some of the thinking
cbuicerning the vse of shuped charges at long standoff ageinst aircraft
struoturea is theat the extent of the vaporific damage appears to be directly
related to the encrgy osptured from tho shaped chargs jet by the target volume,
This indicates thak & small shaped charge of any type ourrently conceived can-
not produce & X-kill by a veporific explosion even at short standoff,

Tests now in progress at the Naval Ordnance Test Station and tests planned
for the near future shonld meke clear the relative importance of the various
uochanisns whiol are aotive in producing vaporific explosions. As interest in
the larger antiesircraft guided missiles increases, the usefulness and applica-
bility -of shaped charges for producing ¥=kills at long stendoff becomes of
incressing importance and intareat,
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PICA''INNY ARSENAL SHAFED (HARGE COMMITIEE:

ABSTRACTS OF PRUCEEDINGS, FIRYT JALF OF 1955
C. G+ Dunkle

Samuel Feltman Ammunition Iaboratories

Picatinny Arsenal Dover, New Jersey

It vas recentiy .uggested, that from the Abstracts of recent Minutes of

the Picatinny iArsenal Shaped Charge Committee, information of general

" interesi and applicability be published here., This revisw covers the three

noetings of the comslttee held 13 February, 15 April and 15 June 1955. It
{= bhelleved that such & review not only avoids auch repetition but also
shows the progress of the various projects concerned better than oan indie
vioukl abstracts.

the
and

The folloving statevents may summrize briefly the status of shaped

ohrso ressarch and development at the end of 1954

1, Toprovement in int.rcomunioation among workers in the
field and disgeminmation of nev data to the engineer is shown
by vider distribution of publications and reports, and by the
iEplémenting of ‘& Joint developaent program with Freankford,
Arseml m BRL,

2. uﬂg\\ a of defocts in the liner, im..vement of
its basic dms and understanding of the significance of
its watallurgical structure have go far sdvanced that furthar
progress dmands improvesment of the explosive charge. Diffie
culties in fuiing have been s0 fa. overcoms as to reveal
the potential muperiority in penstration by ballistic rounds
dwe %0 their translational velooity.

3. The exylosive charge lws been improved through deter-
aining eources of nomumiformity, developiug Joading methods
to elininate them &nd applying new techniques to shape the
detonation wave for greater efficiency. Progiess has been
aade In applying th» releages wave theory to thls study.

k., Development of defenges againsi th» shaped chaxrge
Jst, both passive and active, has been expedited. 8tudy of
shock wave interactions and sxperimeat with l4jadis heve
thrown light on the unique resisting pover of certain
mterials,

The information repcrted at the weetings of the covmittae durdng
L£irat AlL of 1955 showed progreas in all four of tue foregoing phases,
i8 reported in sections numbered to correspond.
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1. - Digsemination cf new anta. The Arthur D. Little, Inc. shaped

shavge 11¥erature rovievw was given considerebls attention. The £*vst prugr:ss
report under the contract representea she firat attempt to present their find-
ings in a logical and orderly fsalifon. The members ci the Ordnance Covps
Shaped C(harge Research and Develsruent Steering and Coordipating Committee,
hovever, found. it inmdequate, poseibly because it covered earliar yarers in
vhich information was far iess crmpletely reporte:. than in recent ones. The
ispregsion vas general, at the Janvery meeting of the comuittee, that ADL
was Going the same kind of work as the Library of Congress and Michigan State

“‘College in tic yreparation of their bihliographies. The contractor had

taken measures to coordinate effort with these agencies, The committee sug-
gestad furthar means o.f'avowug duplication and, improving the ADL output.
Toe conbractor now appesrs to be approaching the original intention, to carry
the work e, atep beyond the stage of abstracting-- to break the abstracts
apart shd:rearrange the data in & logical pattern, wuch the same as the indi-
vidual, Mnur vorld have %0 40 for himself in utilizing the literature.
mw fmﬁgh‘m‘ Two0ids At ARG werc recorded in & series o2 tables in which

be: degcriptions of the various paremeters, wuci &8 liner, charge and terget,
!oru& éol\l,p;ma!.qgg, m of the date previously recorded in alacruct
form Bave:d Dg63- in stuilar tablez. Listed thus, it is easy to see
the® wmpo ‘in-the xu:'omtton generally provided by reports.

_ ALBoef naverias the Attimpt to very.oaly one paresster at & time in
thourmommumm' fio often s variable not known to ba
beoti-ignoreds: - This Jatancts from.the valua of much of the

oﬁ-g, work m”hm 1R ouF “Infoimation sy vell serve as guides for future

s:‘v

‘work,

2, t of metal parts. Mush attention is given t0 & typs of
iner fabricn JProcesi s apinning, sutomtic spinning, shear form-
ing, rotary extrusion, t}zotm, ohc. It gives tolerances vhich are very
closs And, Whils 1o closer. than posuible with dravn liners, gives them auto-
mticclly, While not as cheap &s duep drawing for making liners by the mil-
lion, it apgesu 13l for turning out mcditied {veas in small lotz for
davelopeent aa_aaahn;-ymtm D of M and drevings for making
thg 0 m by thls process have been purchased. A lodge and Shipley
Automatic ‘4pinking machine has been ordered for this Arsenal. Proposais
tor & feasibility study of the process wore avaluated here for OAC.

Also, kmovledge of the effect of shear forming on rotation coursma.ts.on.
ang! development of proceduras to measuve this very important effect,
M. ?m'tont 1s trylng to correlare optimm rotation rats with the

Sns .-.-.maeturing pareasters ~f the liner. The axact mechanism

of the sffect is proving Aifffcult to "nail down”. While large plastic
deformtiw can be given a metal bar by mcrely tviuting, it seems t. ve of
Y ditfqrent xind from that tmparted by automatic sptnning. When Eastern
Tool ‘deep-drawn copper liners wers given & epinning pass in « lathe, they
m'ovmod no compensation &c¢ a1}, whether amnes.ed or mot. Bere, of course,
the effect vas confined %o the surface, but apparently, so iu the properiy
et gives ‘uutlt-in" rotation compensatior in shear-:.ormsd linexs. Thn
part of the sparstion at Ceaft which 18 responsible for their better cuality
liners may not Ve the apinning; out the final coining operation.
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That metallurgical struciuve can affect the jot 1s shown definitely by
experiments with line '8 made Trom single-crvatal aliminum, Such liners
appear to give bifu . cation if the 1-1+0 directi - is aligned along the cone
axis, none if the 1-0-0 is sc aligned, srd parti -l bifurcation in inter-
mediate aliguments. Machining breaks up the siagle-cryctal structure only at
the surtace.

" Progross continued in rotation compensation with fluted 1ineru a4d,
equelly dmrorcant,. i making electrodeposited dies, for impact extrusion of
such linezs, tlnt 5.30d up i production. Penetretion of 8" with 57 mm
cones has been odtained at rotation epeeds of 150-200 rps. Results with

75 m cones -dt Carnegie Tech indicate that compensatioa oan be obtained in
this celibre at 150 rps, mnthouahthebl&.kam-owtuyto.undard The
fiuted Lincr s utmm.y capable, if designed proporly, iving good pene-
teation at-ite designed spin rate. Mecent firings in the vith fiuted
1iners 21ec:confirm the superiority noted in the j3h firings, of ballistic
quer‘giatic rounds in pendtration: Eliminating the possible effects of all
oﬂm- tuqtou lum & difference of 2" still to be acccunted for,

mm un-‘ﬁmtm ‘dndex anglee frod 3% %o k5%, although appareutly
1106a L1y, ‘e1ther gave noor penetvations or failed completely to

WXWRGWQOQMS would take the dasign to

g;tm whore:optimm Tate s Jass sexaitive to sesl). changés in this sngle,

‘VReTe DALY 141604 204Ny LUr variation in flute depih.) Further ela-
Jomsionof: o}mt " Aheory aa applied toivotitiom compunsation Sppears peces-

e “effeet of index angle.

Woik-with thmu-.gu nm- continued, It bMs definite possibili-
-forivide application, ‘And:his'besa h'igd 10 the 1030 and the 3.5"
Tocket hesds VAt varlable sesultac For instanco, at Carnegie Tech soue lots
of spun double-angle liners’ were fouma t@xan Gff 1 penetretion vith stand-

i then OthiYe. Combination of the double-sagle liner with perie

pherel ‘dnttistion-oan glve sowe Very gcod pensirations. The large disper-
epoountered merely sesst £0-shov that nobody bas been smart cuough
t0 use the effect properly. Jet velooity mesguresents by ziash radtoaraph
8t Oarnogie Tech has ahiown no sbarp changs in the jet.due to the broak be-

: A triple-flash X-ray system deiigned for studies of
set up at this Aveeml. ’

. .Duétile oast 1ron liners iz the 34" rocket head gave 73§ of the pencton-

81
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tion cbiaiied with coppor liners. Fregacats wera formed in every firing,

.

of 75 um M3LAL HEAT Shell by removing .2e shoulder from

’s
S

. 8% tuside of the czae !.w;\vmwg penetration alightly, but not as much as

.axpacted. At Pirestone u)uuny. ting easier and less costly to make than the
tApering one weed in the ciuidand 3.5" rownd give slaghtly poorc: pencten -
tions, wrombly because of the compicx effect of the change in end confinee
went.
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At'Frankford Arsenal, yregress 'as wade in the coordinated liner metal-
lurgy program., Attempis to prepare 50 - 100-1b batches Ly shell molding
encountered difficulties, but a batch of 120 - 34" liners was completed =nd
prepared for final inspection. Heotanical propertics are correlated witn
casting conditions in & forthcoming report. In powder metallurgy, shrinkage
ocecourred during sintering, with appcarance of crau:: at the inside joint of
wall &nd flange, but this problem has been solved, Electroforming gives

“highert density. A new planetary gear will permit electroplating several

linexs at onc:, with vory goud uniformity within the group. An extensive
progren has been initiated to coordinate bath conditions with physical pro-
perties of the electrodepositad metal. In die casting, the present effort
stregees paxfecting of dimensional control, and overcoming faults of the dics
80 as to provide liners which 37ill be within the tolarences as cast.

3. %rﬁvmnt of the explosive charge. The program for compariscn of
prevsed and oast explosives vas compilsted. Shell, 106 mm, M3W: were press.
loaded with A3 to Gensdty 1.65 and with EDX conposition to densities in the
rango 1.66-1.70 for comparative penetration tests with cast ccmpoaitions,

Of the five pressed exploaives tried, 3 gave results better and with less
dispersion than cast:Com, B.

A+ Do Little, Inc. precses 80/20 RDX/TNT to density ca 1.75 with about
the ssme sensitivity ag Comp B. The constituents are coprecipitated from
warm acotone solution poured ianto sgitated cold water. Like hot presaing of
ROX/TNT, hovever, such methode are difficult in larze-scale production.

Desoration of cas. Comp B increased its detonation reate one per cent,
On investigation of alternative methods of loading, perticularly for improve-
ment of lothality, Bjorksten Research laboretories suggested the following:
T4l techuigue for etudying RDX-NT diatribution, colloiding by gelation
agents to improve uniformity, wetting agents to improve charge-liner contact,
mechanical removal of INT crystallizing on inner surfaces, coatrol of crystal
::;e:ihtioi'x by uze of electreta, and combination o pressure and vacuue cesi-

R-salt, the nitroso~analog of RDX, appears far superior to {NT as uw
additive tO ROX from the viewpoints of both pover and sensitivily. An 6irie
2ient stabilizer bas teen developed by Arthar D. Little, Inc, Hliriukage of
the R-pali~HDX mivtwre on solidifying is mach less than that of Comp B,

Difficulties in loading of shaped charges are being attacked by use of
guch expedients es a thin ring of .olid pemsffin, TNT or plastid around the
bese of the cone. In tha M31 Rifle Grenade, however, such uge of TNT save
poorer penetroation and wider dispcrsicn. 8Such a f£1ller should give a reasone
able shock lmpedance match with the explosive, In general the effect 1s to
decrekse penstration slightly Lut decrease variability., Ruch zxp-dients
should make no difference in o< ds already loaded properly with HE, but
nay permit caat loading of more powerful explosives, toc viscous to be loaded
properly withou! great difficulty.
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CONFIDENTIAL




e

['Ps

TR KXTRT 4o AN 0 Bt

CONFIDENTIAL

Tanden shaped charges offer the r~msibiliity of deeper penetratione tian
othervise possible within limitations of culiber., For larger calibers, vhere
axtrems depth of penetration is not oritical, such charges offer a poasible
weans of insertion of mccndurieo, etc behind the tary... Prouwising results
ars obtained with uge of & 3.5" g HEAT heud &s the vesr charge and & 90 mn
T108 head {with the flagh-back tube) as the forward charge. The intention is

vtaat the Jet fxrom the rear charge traverse the flash-buck tube of the forward

charze, and Jhat the slug initiate 4t. There is some evidence of successful
double initiation, snd govod ;[ netrations are obtained, but additivity is not
concluaively establishied.

Aluminum body devices and copper shaping cones gave cncouraging results
in £iring tests, Work at Carmegie Tech showed that thin aluminum inserts
do not change the penetmation; the jet formed is sluninum only at the tip,
and-panetration is the sazw as with & copper jet. The inserts, unlike the
Breidenbach Jevices, perform in accord with the simple theory.

BRL has collaborated with PA on DART and IaCrosse. In the latter

- there iz leswiy for moving the liner back, reducing 4he weight of HE, amd

reusing the veight by.eddition of incendimry %o the front end. In the DARD,
however, peak performance must be avieined within forced weight restrictions.
In the 34" there is even less room £0: adjustment. Before deciding vhat
gﬁhﬁ vélght can ba tolerated, ve must know bhetter vhat loss of performance
woans . )

Oarnegic Tech has developed a new thaory of crater formation which
‘predicts thy relationshid between f-agment energy or velocity, and hole
volume, for thin or thick targets. Arthur D. Little, Inc. suggest that
Raylaigh~Taylor inatebility may be dnvolved in some omses of liner collapse.
™oy point ov* also that mowentum interchange between slug aud jet appears
to:have & sianple formulation in collapse of fluted linevs. However, the
eonpmnury effact of interaction of angular moxentum between the explo-
#ion products and the enfire liner wust b at least equally important.

Defense, lathali and beyond-armor damage. In further caperi-
. ante um % T0ch, various saterials, minly iov deaslty,

have besn tried in twavily confined cells, The density law is followved
closely.at densitivs above 2, but between tiuis valus and gero the equiva.
lent thickness reaches a maximum, superimposing & “hump" on the simple
Paredbola regresenting accord vith the density 224,

Speclal steel rod 5" - 7" in diameter and ve:ry uniform in havdness iwy
provide batter and cheaper targets than mild stosl plates. Cutting costa,
viiich are important; may be comparable,

At BRL, fragment aisivibution from homologously scaled eharges as
affecved by rotation is being studied in the atlempt to develsp 2 more

rational tank ki)l criterio: +hm the 2" overmatch. It oay be possible to
specify lethality requiresents more intelligently.
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At the meeting of the Ordnence Corps Stearing Committee 4 and 5 May,
venetration theory was discussed exu-msively by representative- frem the
Rand Corp., .Convair, BRL and cthers. A report of the proce.l = bas been
submitted to this Journal.
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LETTERS

T0 TEE EDITOR

This gection of the Research Report is intended for the ypublication
of brief discussions of current work of interest and for the announcement
of important new developments which warrant being called tc the attention
of thg other people in the field.

Manuscripts should be limiteu to 600 works or less. The Editors and
the Editorial Board do not hold themselves reasponsible for the opinions
expressed Ly the correspondents.
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Fredicted Effects of Confinement on Shaped Charge Performence™ s

. R. J. Elcheiberger
Carneglie Institute of Technology, Pittsburgh, Pennsylvania

Tre nne-Jdimensional theory for confinad explosive charges developed
by Draesen™ her veen applied to shaped charges by means of the release
wave theory, in the same fashion that the one-dimensional theory for un.
asonfined charges was usud earlier, The procsdure is somewhat mors compli.
cated because of changes in procedurs roquired for differcnt ranges of
o/n (ratio of oxplgaivo nass to liner masa). The details are desoribed
in a formal reportc,

The results of the caloulations in general agres with the qualitative
ideas developed intultively in the pasu, Sons of the resuivs are shown
in ¥igs. 1, 2, 3 and L, Tgures I and 2 show the collapse velocity end
the Jet velocity, respectively, as functions of the initial position of

- $he parent liner element, Jor M9AL oopper cones of wall thickneas of

0.0125 in. in standard charges, Caloulations have bsen carried out for
unconfined oharges and ror ateel confinement of tricknesses of 1/16, 1/8,
ad 1/l inoh, The plots indlcate that the confinement has no effect on
the jet formed by the upper 2 1/2 cm. of the sone, For the lower part of
the cone, the collapse velocity iz generally increased by increasad con-
finement thicknens; with the effeot being moro pronounced as ons approaches
the bottom of the liner. OCalculations have also been carrisd out for liners
ainilar in )1 respects exoept well thicimess. Curves are shoun in Figs,

3 and L for cones having wall thickmess 0,050 inch. The notable feature

18 that the effect of confinemen: is evident nearer the top of the cone and
that the effuct is everywhere more proncunced,

Qualitatively, one would expsct from thess calcalations that the depth
of penetration and the penetration-standeff surve would be very little af.
feoted by the confinement of the charge. This agreess with available experi.
mental data, On the other hand, one would expest considerable increase in
the hole volume with the addition of confinement, especially for thick w~'lod
liners, and espenislly for the part of the hole formed by the rear of the
Jot. This is aleo in sgrecnent with exyoriment, With ragard to the more
detalled behiavior of the jec, one would expect that, although the tolav. depth
of penstration would be relatively unaffeciod dy the addition of coafinment,
the relative contributions to the “ole depth by various portions of the liner
would be changed, Specilically, one would expect that, with incressed con-
finemeat, the bottom part of the liner would coniricute a greater fraction
of the total depth of penetration, For this reason, it seems likely tiat
detatls of liner mounting, quality of the charge around the basc of the
iiner, ete. might be more imus-tand in heavily confined shergos then in
1ightly confined or unconfinsd chavges,

+iRaceived ¥ Auguws 1605

358

CONFIDENTIAL




CCL.YIDENTIAL

. ’g 2.3
[
| 3 |
™ 0,2
; 3;; 1/16M
' - 1/8»
! 2 I 1/40
! e 0,1 Cupper IDAY Cone M
| 2 Liner Wall Thickness 0,0375 in, |
.'3 8teel Confincment ! No 7
© I | Coni’inemrzr}t
°h ) ‘—b
2.0 3.0 4.0 5,0 6.0 7.0
y x (om.)

Pigured: Comrited nurves of collupse velocity as a function position
of the a'ner element for sones 0,0375 in, wall thicknons.
. Confinenont varicd as indlcated.

) o.s?‘\
-
§ 0.6
X
3
: g i .I;. 0‘4
L Y
g No 1/
. v Confinoment '
] £ 0.2k Coprer AL Conc
s S5 777%  Liner wall Thicknoss 0,0375 in,
i Stecl Confinement I "\
0 1.0 2.0 3,0 4.2 5,0 0.0 7.0
X (cm.)

#igure L@ Computed curves of jet velocity as 2 fmetdon of initial
posit o of pirent liner wleucnd, i‘or cones 0,0375 1in,

359

ZONFIDENTIAL




CONFIDENTIAL

]
o
@
3 ! 9
~r i N
-3 . o
g L
3 OQA. [ . 1/16"
® /3 — 1/49
E = Jopper ML Crne No :
] g Liner .al11 Thickness  Confinement
i 5 0.1 0,0125 in.
| 3 fteel Confinement
{ 0
0 .0 2.0 3.0 4,0 | 5.0 6.0 7.0

. x (cm,)

Pigure 13 Computed curves of collapse velocity as a function poaiison
of the liner elcment ‘or cones of 0,0125 in, wall thickness,
Gontinomont vaied as indicated,

.
\ . ,' .

P
T ey b .
} \
"
L.

o
-
o

7
a%‘ 'sec).
o

\

| »

I , 300‘ .-17]6"
K
- Copper Al Cone 1/u
® Liner Wall Thickness .
= o2 b 0.0125 Confinrcment _
. Stev) Confinament )
- R l o “‘ J
. 0 1.0 2.0 3.0 4.0 5.0 6.5 7,0
X ((‘mo)

Figure 2: Commited « ves of ot velocity s a functjon of initdal
7 "eilion of parent liner elemoent, for cones of 0.0125 ii.
w:11 thicknass,

350 i

CONFIDENTIAL

LT ot aee e wated”




CLAFIDENTIAL

*The vork described in this paper was carried out under Contract No.
. D4-36-051.0/D-}453 witn Rallistic Research Laboratories and was reported
in the Third GQuarterly Status Report, July 31, 1955.

13, ar Dreesen, "Theory of (ae.Dimengional Charge with Confin-ment
and Liner," Fundamentals of Shsapud Charges, C.I.T. First Quarterly Status
Report, Chapter Mo, IV, Contract No. DA-36-061-ORD-4S3, January 31,'1955.

ER. J. Eichelberger, "Predicted Effects of Charge Confinement on
Je’ %¥urmation,® Fundamentals of Shaped Charges, C.I.T. Third Quarterly
Statua Report, Chapter No. II, Contract No. DA-36-061-0ORD-433, July 31, 1955,
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The Distribution of Metals in a Jet frum a Bi-liets)l Liner™

Gn “o Br)’an
Carnegie Inatitute of Techrdogy, Pittsburgh, Pennsylvenia

In the course of their work with composite copper and aluminum
liners, the Firestone Tire and Rubber Company has in .<tigated ths
penetration of a 105mn charge containing a 100 mil copper liner and
2 20 mi siuninum insertl. It was found that this combination gave
penetrations whivi differed little from those cvbtained with the cop-
per liners alonc at a standofi of 7% incres, If the composite liners
produced aluminum jets, the penetration should be considerably leas

| on the basis of the density law, It was felt, therefore, that, for
the partioular charge goometry and standoff involved, the division
of mass between jet and slug, ss a funotion cf distance slong the
cone axis, was such that the Jet contained a large proportion of
coppey along most of its length.

This might ba decmonstrated by determining experimentally the
_Jot velocity V and penetration rete U associated with a par-
ticulay ‘Jet element at 2 garen point in the target, These quanti.
A ties ure related to an effective jet density 7\/93 bty the equation?

A -0 . F0?

in which the styengths of target liner have been neglected. For
a jot componed of one metal, A g should decrease with inovessing
penatration depth because of the breskup factor N . For a mixed
jet, (3 alsa depends on the deyih. In particular, if the jet is
prhurilg aluninum near the tip, but ocntains a large proportion of
oopper ferther back, then it is quite possible that X A will in-
creass cofialderably in the region where the copper beging to predomi-

.

‘ & limited mmber of these charges was made svailable to C.I.T,
ot for such an investigation. Streak camera records of the progress
i of the jet through =raced %zrget plates servsd as the basis for eati~
mating ¥V and V as functions of position in tha target,

[ Figure 1 is & diagram of charge, target and resulting record.

The heavy lines are those actually Jbserved - the slopes representing
velocities of different parts o the jet. The avera:~ penetration rate
through a given plate ia represented by the slops of the dotted liae
connecving the incident and emergent jet velocity lines., (The instane
{snsous penetration rats, of course, varies continuously through the
plats.) We agsociate with this s/wrage U a ¥V uhich ls Wie averege
of the incident and emergent jet veiccities, We can thon calculate
A for & given plete position 2 ., The tarpet used concisted

of 2 . thick vild steel wlates L in. apart, at & Tk in. standoff,
The results ior two copper «nd two composite cones are listed in Table T,

s3Recbived 24 May 1966 352
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Figure 1. Streak record of jet pessing through spsced target plates.
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Table I.
Copper Copper Compoadte Composite
2 A4 £ PN A3
(in.) 3 3 3 J
0 7.2 6.1 1.9 1,9
6 6.2 6.3 4.9 1.1
12 bt 6.1 5.5 L.0
24 S8 3.7 3.3 2.0
2 3.9 1,7 1.1

The results -indicate that the £irst one or two plates are ponetrated
by a predominantly aluminum jet, after whish a considerable proportion of
copper 1s spparent. This means that, in @ solid target at the same stand.
off, roughly 3 or L in. of the total 20 or so inches of penetration can

be atiributed to aluminum; the remaindsr 43 due to a jet in which copper
predoxinates (on a weight basis).

This ploture was substantiated qualitatively by an exmmsination of the
target plates, The lwlo in the first plate was coated with metal which
was quite definitely the color of aluminum. In the reat of the plates
the coating wes ow and had the appearance of brass,

it wer fousd by Firestons that, at higher standoffs, the oomposite
oone is definitely Anferior to the copper oone, The jat has lengthened
suffioiently so that the aluminum front ernd plays a more important role,
Ab & given standoff, increasing the wall thickness of the aluminum in.
sert should decressd the penetration since the. copper vill not begin to

omitiate 80 soon. Inserte o 0,04 in, aluminmm, tested by FMirestons,
gave considerably smaller penetrations,

*Ihe work described in this paper was curried out under Contra.t No.
DA=35-061-0RD-453 with Ballistic Research Laboratories and will bs reported
in. W‘W@WN‘II Stetus Report, July 3, 1985,

1uBgttalion Anti-Tank Project," Pirestons Tir. aad Rubber Cempany

Progresa Report, Novewber 1953, Contrict Nos, DA-33-015-0RD-53
and DA-33.019-0RD-1202,

%, J. Sictlberger, "e-Exarination of the Thsories of Jet Forastisa
utd Target Panstration by Iined Cavity Cherges,” CEL Renort No, 1, Carnsgis
Institute of Tuchnology, Contract ¥o, DA~36-061-ORD-39i;. vine 195k,
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Hote on the Distribution of Metals in a Jet frar a Bi-Hetsl Ziner ¢ »*

G. ¥, 3™y
Carncgie Institute of Technology, Pitis. :zh, Tennsylvania

The distribution of metalis 42 a jet from an 2lumimm lined comper
cone manvfaciured by the Firestone Tire and Rubker Company has been ir-
vestigated on the basis of the izt velocity distridbution, the nenetration
rate ints steel, and the hydrodynemdc ecuation . penetration. _The resulte,
which were reported in a previous comunication to this jcurnall, indicated
tret che jet behaves like an alumivum jci during a reiatively small part of
the penetration process, and assmmes the :lriracter of a cepper jet for the
major portion or tne penetretion,

- AT s

This picture can be compared, at least qualitativcly, with the theory
of the collapse process by predicting the relative asounts of copper and
alusinm entering the jet from any point on the cone. The prediction can
be tested by direct examinition of the slugs.

|

|

i The divizicn of mass betwean jot anc siug as a function cf distance
i. along the cone axis is estimated from the charge §eomrtry alone, 1, means
H of releage wive calculations? and collapse theory3. It is them possible

i "to estimate the amounv ~f copper entering the jet along with the slmimm,
[ Specifically, if and M, are the mass per unit area of copper and

i aluminum respectiv in the-undisturbed cone; then the total mass per

: unit ares of the cone is My + M, , and the portion entering ihe jet is

dn
oL Geen)

vhere dmyfdm is the predicted rraction of cone mass which goes into the Jet.

Thus the Rass of copper per wnit arca which enters the jet ia

. u
Loy e St (Morw) - ¥, .

Dividing by the density of copper we cbisun the thickneas of wopper cu.lrile
uting to tha iet.

The calculated dlvision of the wall, over the major portion of the cone,
1s shows in Figure 1 for aluainum thi.icesses of 0, 0,020, and 0,010 inches,
The perceni copper by weight can Ls estimated frua these resuits, For the
20 nil insert the value ranges from about Sh percent at the tip t_ sbout
75 parcent near the tail. Por the L0 mil case the range is mpprominately
13 to 55 percent, It is reasonsble then wo expect tre i w1l case to
approact: the performancs of a true aluninum jet pradicied Oy the densivy
law - tha® is, the penetration should bs mundé.??&.? {R/0,55) times fuet
of the copper Jet. The ratios found experi=antally by Firestone ffi' yuande
offs of 7,3, 15, ax "N in, were 0,57, 3.L8, and 3,31 respectively”.

255
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Slugs from iiners having inszrts of 0, 20, and 4O mils were recovzred
in rock wool and sectioned av appioximateiy U.2 in, intsrvals. No aluminum
is apparent in the first two cases. In ihe L0 mil case an irregular cavity,
partlally filled with aluvsdnum, is found along the axis of the slug. The
~avity is quite large near the apex and bt ~ins to taper off toward the base,
This result indicates that the estimates of dmj/dm are too high, inasmuch
as, they predict that all of the alumii..n will enter the jet, even in the L0

mil vase.

hooelved & Auguat 1955

o¥The .work desoribed in this paper was carried out under Contract No,
DA-36-C61-0RD-453 with Ballistic Research Laborstories and was reported
in the Third Quarterly Status Report, July 31, 1955,

15, M, Bryan, "the Distribution of Metals in & Jet fran a Bi-Matal Linasr.®
(EDITORIAL NOTB: Seoe page 382, this isswe)
2&. J. Eichelberger, "Predictions of Shaped Charge Performanca fnem the

Releass Weve Tieory,® Status Report No, 1, Chapter I, Fundaientals of Saaped
Charges, Contract No. DA-36-061-ORD-39lf, Carncgte Institute of ‘Pechnolecay,

January 31, 195%.

3R, 7. Eichelberger, ®Re~Fxmination of the Thecriae of Jet Formaticn
and Target Penetrzison by Linad Cavity Charges;* CEL Rﬁx.. ¥o, 1, Carnegie
Instituto of Techmology, Contract No, DA-36-061-ORG-39L, June 195k,

bupattalion Anti-Tank Frojest.” Firastone Yire and Rubber Gampany,
Portiath Progresa Report, Noveasber 1953, Contract Nos, PA-33-019.0RD-33
ond DA-33-019-0RD-1202,
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Flongation and Fracture of the Jet® =%

R. J. Efchelborger
Carnegie Institute of Technology, l.tisburgh, Pennsylvenia

. A first attempt has been made to develop a quanii:otive formulation
j for the elsngation of tha jet formed by a chargs cf knowmn dimensicns and
aateriaiu. In thia formulation, the simnlest possible aasumptions have

! ‘mn made, in lisu of irformation conceraning the ductile behavior of ma-

exiale under the conditdons experienced by s jet after its formation,

m chief purpose has been rimply to find a basis for quantitative analy-
sis of experimental cbservations. concarning jet elongation and bresk-up,
that can be modified as more information is obtained,

- The.basis of the formulation 5.: the definition of jet elongaiion by
T ‘mam -of, the eqmuoa

o & ‘(dl/dV)b ] . ‘~ .
‘dx/ﬂ)g:,!x -1 “"’-

T e ,pz:eﬁomatgan;,,,s is.the instsntaneous position at time ¢ of
T s, theSetieledent fomed fron the-Yinet eleneat initatly at position x
o Coandhaving A veloolty V3 t* 4y the velue of 't ot the instint a

0k olement, 18-Lorwed. camamg this definition vith the gensrslised
theory of Jet: formationls%, the elingstion can be written as
g ’ L
‘t):‘“’;'l: - CaTe. , . - " (‘ )—E A e, (2)
w,’ffi‘_;.ij ST T v% . g‘i E tan{a + §)]
.- :
; u! r iz the ridius of the Lner element 1n1timy at pesition x,
‘*’ 1£'1g the cotis half-angle, snd & is the Taylor coliapse angle, Fro-
- '§ -furiber, and asziming that tho job remains ductile until the
e Slongy m..muazantoanl\zq o, ; vhen fracture occurs, we find
for the Mﬁm 15 #pA0S, measurad from the top of the nons, &t whish

trastare

3, = MWEH ¢ Vg (d/) v (3

By way of llestpaticn of the implication of this farmylation, cclou~
lations havs been carried out for 1 578 in, (149&, copper Lones in standsrs
G.I.T. charges, The jet .. crzeteriatics were caléudated by meaas of the

Rsccived 9 Aucuet 1868
%8
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relcase wave theor}j and the generalized theory of jet formatioi,. The

po dtion at which fracture of the jet occurred was then calculated fur
each jet clsment, assuning that each element frastuczs when e, for that
element rises to 5,25, and plotted as a function of the veloci%y of that
alement. The predicted curves of dV/dz (the ve.ocity gradient in the jet)
at the uime t* is shown for 22 dev. and kLl Geg. cones of wall thicknessa
0.0375 = in Mg, 1 and the corresponding curves of 2. as a functica of
Jot vitoe’ iy in Fig. 2, Figurze 3 and 4 show a similar set of cwvet cale
cu;l.\\‘n‘.&‘g:{ for Ly deg. cones having wall thicknesses 0,0125 in, and 0.0375
inch,

'*‘rho work deseribed in this paper was carried out under Contract No,
DA-35.061-000-153 with Ballistic Research Liboratories und was reported

in the Third Quarterly Status Report, July 31, 1955.
13, o, ?nfgh, e §o Bichaiberger and H, R- “oker, *Theory of Jst

~ Formstion by-Charges with Lined Gonical Cavities,® Journal of Applicc

Ma,.lpl. 23, No, s, PPe 532“536) May 1952,
23. 4. Richelberge’, "Re-Exsuination of the iheories of Jet Forma-

tion and Target Penetrsticn by Lined Cavity Charges,* CEL Repart ..., 1,

Comtract Mo, DA-36-061-0RD-39k, Jupe 195k.

‘3R, J. Eichalbarger, “Iredictions of Shaned Charge Performance fron
the Releass Wave Thoory,” Transactions of Symposius on Shapsd Charges «
b1 2.8 7‘9, ‘-953; BuR.LQ RGPOL'Q xOo 909; P 192‘
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Conpensation by Fluted Liners® *»

. d. A. Dreesen
Carnegle institute of Techu.ology, Pitisturgh. Pennsylvania

We have ncentl:l described a theory that was developed for the
pradiction 6 compensation frequenoiv. for {iuted liners of ths \c,o)
type, Specific assumptions that wers made regarding the relative values
of various Yiner psrameters limited tiie usefulness of the theory, sc that
no &omparisons were possitle with knowm sxperimental :usults, We have
since ertanden tha theory to include more general liner designs, and cal-

culations may no: e made for rmany desions for which expsrimental results
are tu‘.hblo. '

LT A 10 S Y —

3
2L,

We have cu'ried out ti. calovlations, uhich prove to be rather lengthy,
“for two speoific dasizns, The parameters were chasen Lo represent an els-
, ment 0,70 in, from the liner bt" for the series {0.0L4(16 x 0.0m)(e,a)(q)}
‘ for whioh experimental results® are available, Unfortuuatcly, however, through
. & nisunderstending the wall thickness chosen for the oaloulations was probably
s .about 10 per cent tdo lavge, We compsre the vesults of thess calouwlations
wvith wxperiment in Teble I, the experimental results being taken directly
from u“o II"]. 0‘ referencs 2,

T~ Index Angle 4= Odouhtod Compensation & = Observed Optimumm
. Frequenc,
(“‘o) ' . (rc .lo; ’ ("opo"

6.3 - 68,0 ' - 88
20.7 60,7 - <170

In view of the nunverous assmptions involved in the theory, the agreement

L detween the caloulations and experiment is phencmenally good, It should be

[~ o« o yemembered, however, that the cbeerved opiimum fraquency ia necessurily a

i . - 80rk-of weighted wean valus of the compensation frequencies for all liner

] e - ‘olemente, N wuld guess, however, but without auch basis, that this should

: | He ~Angiesse the degree of agretent. We are not prepared to guess the effect

Wt w - 00 the diffebences in wall thicimess on the obseived agreement, nor are vo
RIS ‘prepared to guees the affect of variations in ocher parmeters slwsen ii .3

T :QMMu which in one case, at least, is prebadly uwnreslisvic,

"; <)Thisse. Gelowlations, as well as furthor ualculations which ere planned
U and whieh. vﬂl ‘throw mare’ u;ht on the potuntisitities of tho theory, will
S .bq dimudém mn: Jater

1

‘m.oeav_i@o Amb 1985
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*he work described in this paper was carried out under Contrz. t Mo,
DA-36-061 -ORD-453 with Ballistic Hesearch Laboratories.

1J. A. Dreesen, "Theoretical Treatment cf Fluted Liners," Third
Guarterly Status Report, Chapter ¥V, Carncgle Instituts of Technology,
Contracy No, DA-36-061-ORD-453, dvlv 31, 1955.

X+ Ri Besker, E, L, IdicnTield and R. J. Bichelberger, #inperirental
Observations with STMM Fluted Linsrs," Second Quarterly Status Report,

Chapter II, farnegie Institute of Technology, Contract No. Di-36-061.0RD-45),
April 30, 1958,
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57 mm. Flated Liners® x»

K. R. Becker
Carnegle Institute of Technology, Pittsburgh, Pennsylvania

Experimenval resulte from a sx%es (I 57 mm, "fluted copper liners
show that one lct of the series hes performance characteristics making
.4t suitable for ves in the 57 mm, FFAT round.

Tha gerles of liners presented here have the general C.I.T. desig-
nation 048 (16 x ,0175) (SS) (f) with a base diemetor of approximately
1,89 inches., The ten lote making up the series differ nominally in
index angle; the indexing ranging from 0.5 deg. tc 21 dag.

A1l liners discussed in this puper were cast into a 1,883" diam, x
3,78" Composition B charge, confined i & plastic charge head, rotated
in a shaft rotator, and fired at 2 cone diameters stexdoff into stacks
of 4" x 4" x 1* mild steel plates,

The performance date from the ten lots are swmmariged in Figuve 1,
which 48 a piot of optimui frequency as a functior of index angie;
oorresponding penetrations ure found in Figure 2, a plot of penetration
v, optimm frequency, Taxing into oaneideration both performance
characteriatics (optimum frequency and penstration), it appesrs that
Lot W-1l, which is Tepresented by the first point on each plot has the
n0et interesting performance characteristiocs; it has an optimm
frequancy of almost 200 r.p.s, and penetxation of 7,3 inches at this
frequency. Detiter penetrations ars obtained for.lcts in the indexing
region of from 1 1/2 deg. to 12 deg.; however, it may be noted bty
nspeoting Figure 1 that optimum frequencies ars t0o low to meko these
lots particularly interesting., For the lote with index angles greater
than 12 degrees, Figurs 2 shows the penctrations to be quite low,

The promising performence results rrom Lot W-ll prompted further
invesvigation of these liners, 100 additional liners were pressed and
and tuenty of these were cast up and fired; the spin rate was 210 r.p.s.
vhich 48 at or near the frequensy at which field rounde are rotated.
Ponstration results from these shots are tabulated belows

Shot # Pen, Shot # Pen. Shot # Zen. Shot # Yar.
1l 542 6 7.2 11 1.2 1€ Tes
2 8,0 7 6.4 12 6.7 1 7.0
3 8,1 8 6.2 13 Ted 18 8.0
4 5.2 9 6.3 14 3.6 19 7.2
5 7.2 10 5.0 15 17 20 6.9

ssReceived 9 August 1956
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The average penstration is 6.3 inches with a standard deviation
of 1,1 *nche Deleting the 3 poor siois (#4, 430, #14) an average
penetration of 7,1 inches is obtained.

In order to determind more yvecisely tne optimum frequency cf thsso
linors,; tuenty five additional liners were cast up and 5 each fired at
170, 180, 190, 200 aad 220 :.v.s. The results from ithers tweui,-{ive
shots; tho twenty shots fired at 210 r.p.s., and 19 shets from the
original group of W~1l liners are the basis for the plot of penetration
va. rotational froquency j resenied in Figure j. An optimim frequency
of 185 r.p.s. and penetration of 8.0 inches is iuierpretsd with the
wuoistanss of a symuetricel curve, The curve doss not represent
penetrations at 175 r.p.s. and 200 r,p.s, very well, All the chots
at 175 v.p,8, are from the original group of cones received and all
ahots lying ahove i:: curve at 200 r.p.s. are frcm the new shipment, as
vere shots in the 170 r.p.s. region; consequently it appears that 1/2
to 1 inoh penetrations are obtained with cones from ths new shipueat,
An invoptigation of the difference bhetween the two shipments is pending.

#the work descriked in this paper was carried out under Contrast
No, DA=36-061-0RD=453 with Ballistic Research lLabcratories.

\ay
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TS% Fluved Liners™ **

ke Re Becker
Carnsgle Instvitute of Technology, Pittsburgh, Pennsylvania

Prelininary tests with 75mm fluled liners suggest the fensibility
of 3 liner desipn with performance characteristios switable for use
in the 7%m HEAT round.

The gerration deptias are a nominel scale of a successful 57mm limor
dosigns The 7twm liners tested have the conventional C.I.T, designaiion
[5069(1€ x .021;)2:,0)(5% Goge)_Jo The number ,024 in this instance is
the flute d‘ﬁﬂ‘. inches perpendicular to cone axis) at a refarence piane
located 0,394 in. from the cone base, The flute depth versus vone height
relstionship is linear,

The liners wers cast into & 2 3/8 in, = & 3/L in, Comp. B charge,
confined in a plastic (Synthine) charpe head, spm cn a wire rotator,
and tired at L 3/L in. standoff into atacks of § in. x b in, x 1 in,
mild stesl plater. The pi~formance curve is given in Fig. 1. An optie
aum fromengy of 132 repese 48 interpretsd with the assistance of a
symetricel curve. The interpreted penstration », this frequency is
10 4n, which corvesponds %o wowi 55 per cEnt of 15 penstnstion ohe
tained with tho smooth parent cone fired statically, Also of interest
is the best shot at 150 r.pe.s. which gave 10,L in, penstration, Variae
bility of penetration st optimu fyequency and 150, r,p.s. is rather large,

‘howevar, no greater than with the smooth blanks fired statically and cun

¥ery possibly be attributed to a combination of poor quality smooth blanks
and the base sligmaent technique used in charge casting,

Resulte from thir group of liners are somswhat encouraging since,
with elight changes in liner dasign, an optimum frequency of 18 r.p.s.
and compargbin penatration should be entirely fasrible, Niue other
grovps of T5mm fluted liners with indexing varying from O dag. to 21
deg. have been received., Further tests and a more complete investiga. -
tion of 75wu liners is under way,

*Hecelved 2¢ Mey 1955

"*The vork deacribed in this paper Was carrisd out wacer Contract M-
DA-36-061-0R3-453 with Bu .iubic Research Laborataries and will be reported

in he Third warterdy Status Report; July 31, 1955,
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s%andof = 4 3/4 n, (2 oone Yese dlameter)
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Rotational fraquency (r.p.s.)
Figuzs 2. Plot of tue perforgance data fu. = lot of T5mm fluted lipers.
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TLASH RADIQGRAPHIC STUDY OF SPIN COMPENSATION
WITH 10584 PLUTED LINERS (Ii)»
Je Simon

Balliatic Research Laboratories
Averdoen Proving Gr:vad, daryland

Flast in%ofuphio studies of fluted liners at the BRL have besn reported
proviously.\1)(2] - The Fiiestone Tire and Rubber Company hus providud us with
another 106mm cons designlS/ DRD.393, Item 2 (50 flutes) to be Iired statiscally
& at various cotationel frequencies, the jet to bs obuerved flash radio=
graphioally, The design parareters and pertormncoz3g are a3 followss §0
externa) prossed fiutes; wall thiokness ,1048", flute depth ,0129", radius to
flute orest 1.617", spin compens:*ion frequancy 52 rps,*» and optimun pene=
tration of 20,0 inches in mild steel.

" Exemination of the radiographs shows thet the fluted linur Iired at its
optimun frequency prodaces a jet aimilar to thet from & statioally fired
smootl cond, while the statically '?i?d fluted liner rroduces & Jet iike that

~ from-o smooth liver-under-rotation,

" Rediographs of the jets from the DRD-383, Item 2 design are shovm in
Pigures 1, &, 3, 4, 5 and 6, The v ansition from the badly dbroken jet in
Figure 1, which was non.rotated, through the slightly broken jet in Figure 4,
whioh was rotated at 080 rps, to-the broken jfet in Figure 6 at 75 rps is
oorrsiatad with the observed penstration performence under rotation.\d) ™he
radiographs of the jets (Figures 3.anud ¢) at spin frogusncies 48 rps, 50 rps,
vespactively are vary similar, and the penotration performance \nz 39.8" at
48 rps whaa fired into & mild stesd target at & atandoff of 7.5%.(3

{1) Sernow, L., and 8imon, J., "Flesh Radiographio Sudy ~f Spin Compensation
with 105ms Fluted Linera”, Shaped Charge Journai, 1, ¥o. 1, 98, July 1964,

{2} Zoroow, L., sna 8imon, J., Flash thioipghto Study of SpeoislLiners,

BRL Report No. 938, APG, MdJ, July 1085,

{8) Bupplement uc Progress Report Noo 28, on the 106am BAT Project, Contract
Noe DAe83-019-0RDe3S, Firestone Tire and Rubber Cospany, Defenss Kesearcn
Division, Akron, Chic, December 1952.

{(¢) Zernow, L., Effects of Rotation, Criticel Esview of Shaped Charge Infore
mation, BAL Report $0B, Chaps ViI, APG, Nd., May 1964.

s Beceived 4 Aigust 1968,
an  The oonweation for algedbrals aign of the direction of rotation has been
“aken a3 positive if rotation of the projsotile is slockwizg wicu viswsd

from the rear. This is the norsal situation for wriillery with s right
hand twist of rifling.
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FLASH RANIGGRAPAIC STUDY OF SPIN COMPENSATI(N
IN 105MM COPPER LINERS MANUFACTURED BY CONTROLLED "SPINNING"s

Je Sixon
Lo Zeécrnaves

Ballistic Ressaron lLahoratoriss
- Aberdeor Proving Ground, Maryland

. The Balllstio Rc.sarch Laboratoriss hava obtwined from tho Craft Hanue
facturing Company (Chicago, Illinois) two lots of 106ma apin liners made by a
controlivd wanufacturing prooess, The lizers wers coppsr cones made to draw
ing ORD=78«2~510D2, with a 429 apex angle and & 0.105" wall thiclaiess., These
liners were sachined with a flange to fit the heavily confined 106mi petie=
tration assemblies usud &t this leboratory.

The menufacturidg paransters of rotatica of mendrel, rate of feed of
forming whesl, and direction of wandrel rot-’iisn wess chosen so that these
livers would be spin-compansated ab-4+30 rpv.il) The "angle cf diasortion®, !}
& oorrelation between spim compenastion frequency szd the msaufacturing
perematers suzgested by the Firostons Tive snd Rubbar Oompaay, wes used es o
eritorion in the opmtu! pracess. During the wunufaoture of Lot 1 liners,
the Mangle of distorbtion” was found to be 18° inatead ¢ the predicted 220 for
& apin compersation freqiency of *+30 rps. Investigation st the Craft Manufaoe
turing Compainy revealed that & 3/4 hard coppor blank stack had beea obtained
from the eommerolal supplier. OConsequently s lower "angle of diatortion”
oquivalent to « 2/3 A rate.of msadrel revation wae obtained from the manufsce
turing m’o«n(f 20 obtaln theproper apia comfemmeatios frequency; let 8
::u::gun sanufiotured from material with the. proper wetellurgiesl spesi-

QA%IoNE »

sk radtography(3){4) was utilised to dtudy avidense of spin compene
#8300 characteristios dmpsrted to jets of both lote of liners by this method
of sAvufagiure, The jobs obtained from these limsrs, witle rotauing at

‘ (1} ihMganﬂ‘. Progress Report of the Pirestone Pivs and Rubber Company on

‘Dosign and Development of Cartridge HEAT, T-30C for S0mm Gun, T215, unl:i.
atract No. DA1.35.010-601«0RD(P}i6, Pirestons Tire and Rubber Jomguay,
Defonte Ressarch Division, Akrou, Ohic, Nay 1954,

(8) Verual sommaitoation by Dr. A, Wian of Firestons Tire sui Bubber Company,

1¢ Apeid 1985,

(3). Sermav, L, ond Bimon, J,, “Flash Radiographioc Study o2 Spin gﬁumg«_
" 1w Shoar Formad Liners (ITEJ™, Shaped 5)7&;._ Journal, 1, Yo. I, 1%,
m’ I"‘o

(4} 8imon, J., Flash Rediographio siuly of Anouc'sus Jsts from 90um Liners
¥ezufectured Gy Rotary Extrizion, ﬁam 907, LAL, AT, W&, Ouly

«.Dr, Zernow is auvw with Aarcjst-Jensral Corporation, aszuss, Orliforuia.

*stUsceived 2 August 1960
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various apin r.les, are snown in Figures 1 to 6 for lov 1, and in Pigures 6 4o
11 for Lot 2.

Exarinstion of tne radiozraphs sho:e that ths jet of the liner beshaves s:
erpected in a liner witk “bulltein® apin compsnsstion. At & tero spinerat.,
Tigure 2 (Lot 1). and Figure ? (Lot ), the jet is hadiy fragmented mad ui-
furoated, At w spiu frequency of -$30 rps, the jet from beth lote, Pigure ¢
(Lot 1) and Pigurs 9 (Lot 2), is coutinuous and slightly broken, Thersfors,
the spin compensation fraquency lie¢s ir the neighboraced of 430 rps for both
lots. 2 somparison of the jets iu Figures § snd 10, whers both rounds were
rotated at -+48 ~c8, indloste that Lot 2 liners may have & higher spin oompsne
sation rate than lot )1 1inera, The jets from lot 1 liners are further along
iz the bifurcation process abt4t rps,
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performance of Sillceous Cored Amor Against Shaped Chax‘gsaﬂ %

E. C, Mutschler
Carnagie Institute of Technoiogy, Pivisburgh, Frennsylvania

Glass .and other silicsous materials are commonly imown to give
supsrior performance on & weight bosl. apainst shaped charge weaponat.
However, several attempts to deve%ug precticid crmor utilizing glass
has met with only limitoed success<r’, Recently, fused silica, having
& melting point consideradbly higher than stﬁel, was found to survive
the casting of molten armor steel around itY. But although the fused
silioa suio doee nnt melt or change in physical rppearance due to this
treatment, some deterioration of its effectiveness againat shaped charge
Jota does coour, This fact is verified by a comparizon of its performance
with that of an equivaleni :aconfined fused silica target, The core is
thought to b dmmaged by severe inhamopenaoua stresses applied to it duvr-
ing the cesting and heat treatment.

Various designs of siliceous cored armor wore tested against the
M2842 rocket charge fired at the built.in stardzff and alsc sgainst the
Jat-0uns commercial shaped charge which is appreximately a 0.7 seale
model of the M26A2 charge, The latter chirge was used Lo reducs ex

nditures of materials and to improve the statistical reliability of
the results, .

The most inportant. consideretion concerned with the application of
siliceous cored axwor is its weight relative to solid armor. For this
reason, the .performance will be discussed in terms of equivalent weight,
that 18y the ratio of the weight of vored armor to the weight of solid

. aywor; both in the partioular thickness required to completely siop the

Jet. The styel at the edges of the core is not considered part of the
weight of the cored armor for the figures given below,

The. following i a sumary of the dmportant results of tests on
sored amor at Carnegle Institute of Technology:

(1) For panetration at zormal inoldence (perpendicular to the front
" sirfsce), equivalent weights from 9 to 65 percent were obtained,

(2) Pur penetration at 60 dég. ovliquity, eguivalent weighis rangine
from 0 to 85 percent were obtained. 7Thua, there is a consideranie
1083 of eftectivenuss experienced with highly obligue jev incidences,
howsver, this loss is not as great as that for unconfined ta gets,

(3) Small area {loss than 2 square feei) psnels of a given thickness
gave aistinctly better vesults than iurge panels (12 square feet)
of the sane thickness and core configuration,

(4) Composite targets, made of glass cores contined s0lidly in steol
boxes by pouring low maiting metel (Woode Matal, msltiug polnt
156 deg. P.) into the interstices, performmed considerably better

ssksceived 8 Auguat 1655
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than equivalent cored armer. This type of target yielded equivalenv
welghts of less than 50 percent for normel jet incideuce =n? apuroxi-
sately 60 percent for 60 deg. oblique attack, These figures should
also be obiained for cored armor if the core damage 18 eliminated.

(5) Location of vhe core symmetrically in the urmor gives improved ~sr-
formence, It is thought *hat the core is mors nearly unifornly
stressed because of its symmetric location, hence less damsye is
likely to occur.

{6) The tectal penetration for cored armor was less than that obiained
with solid steel targets except for a rew types shot at 50 deg.

cbliquity. Consequently, eny practical cored armor that might be
daeloped is not 1ikely to be thicker than equivalent solld axmor,

\ \S\
'«'m work desoribed in Shis papar was carried out under Contract No.
DA-20-089-0RD-36871 with Detroiv Arsemal,
luppotection Againat Shaped Chesges,® Final feport OSRD No, 6384,

) 19'460

'2;. M, Pugh, *Survey of Devices for Protecting Armcred Vohicles
Agatiet Shaped Charges,” Special Report No. ok, Uontract No. W-36-1"-.

“0fD~2019, June 30, 1949.

- 3iintxote Progress Report for the Period Jsnuary 26, 1952 to

‘fobruary 26, 1952, Contract No. Di~3C-065-0KDw2ki5.

‘-h‘é. C. Hut.s‘éhler and R, V. Heine-usidorn, "NDefeat of Shapad Charge
Wespons,® ©lrst Summary Report, Chaptev IV, Oa..iegie Institute of ™schnolegy,
January 1 to June 30, 195k, Contract No, DA-20-089-ORD-36871.
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E. C. Matschler

} The Effect of Density in Confined Column Targets* s+
: :

i

% Carnegie Tnstitute i Techiology, Fittsburgh, Pennsylvania

. A punber of tests have been conducted 2t Carnegie Institute of Teshnolegy
. with genfined column targets ("water cells®), using e variety of materials of

t “different < meity, in a standard setup oconsisting of & coiumn 2 inches long
and 1 inch in dizmeter, Confinement was a steel tube 1 inch thick, and a 1/2
inch steel uuver plets was placed at the top of the cclumn. These targets were
terted mgainat Jeta-Guns crarges at 3 inch standoff,

The results are shown in ‘u2 plot of observed thickness equivalent (Tg)
versus density of column material, Ty states the thidmeas of steel in inches
that has the same jet~stopping powsr az 1 inch of column length, that ia

/ 7, = beletratdon in ebeel - Fenstyatdop in stool for confiped column YAXZety
length of column .

Alse shown 4n this plot. ds the theorstical curve predictod by the simple density
Jaw of pestration. In the range o° deasities above 2.5 gms/oc, the two curves
doinaide snd no effect due to confinemeut is apparent. However, below this
rengo, the two curves diverge consideravly indloating that zn additional
mohanism is effective for small 2ensities. Flash X-radiographs and Xerr Jell
plotures have Surnished conclusive evidence that the residual jet is attacksd
by oolumn materisl rebounding from t¥: confining surrcund, thus aceounting for
the uzmsual effaotivebsss of the confinsd oolumn targets.

The predominance or the confined colunn effect ir the low densilty region

4. shown more vividly in & seoond plot in which the ratic of the observed thiok-
ness equivalent (Ty) to that predicted by the simpie density lav (Ty"*) is given as
o a function of oalumn density. Note that the axis of abscissas in tﬁu piot 1s
cmpiderably wxpanded as compared with the previous plot. GColum: materisls
Vaving densities between 045 ard 1.8 gms/co ia on an almost straighu line.
Materials baving deunsities greater than 1,3 gms/cc 1te oz & horisental line at
Te oquals 1, reprecerting behavior according to the simple density law, Ihis
!!"& rether olearly defined limit for the “confinod colusn sfieot® is quite

E  interesting. It should be noted here thuat the results obtained are
pecliay to the oclumn geomeisry and the Jet-Gun uhmrge 2nd would vary somswhat
for other oonditione,

seRoceived @ Ruguat 1956
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Density of the column material waz used in these tenis “ecause other
target characteristics thut are likely to Ye important - namely, compressibility
3 and chock velocity - are uniknowa for most of the materials under eny coauitions,
and are unknown for &ll of the materiuls av-ilable for comditions prevailing
3 during penetration by the shaped charge jet. The consisteacy of results
obtained using density as an indepenicu: variable 1s remarkable, howeve:,

#he work desciibed in this paper wms oarried out under Comt. ~% Nc.
DA=20-089-0RN~36871 with Detroit Arsenal,
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Fracture of Steel Plates under Explosive Loading* #»

T, P, Murray
Carr.cgie Institute of Terhnology, Pittsbur:h, Pemasylvania

Recent experiments carried out &% C.I.T, to gaii basic infonation
about the spalling process hive yielded some intereating results., Tus
experiments consisted of exploding cylindrical Comp, B charges of vary-
inz configuration in contact with amor plate -4 mild steel. The results
show that for a certain range of charge parameters and plate thicknesses,
the spalling process consists of the ejection from the plate of a large
"plug® of une shape shown schematically in Fig. 1. Surfuces A and D are
the original frcut and back surfaces of the tarpet. Surface B has the
smooth appeorance characteristic of shear, while surfaca C has the rough,
Jagged appearance characteristic of tensile fracture.

It has been found that this plug ejection pracess is very sensitive
to charge diameter, but relatively insensitive to charge length. For a
charpe diameter of 3 in,, the plug is roughly hemispherical, with & emall
parforation in the top plate surface, For amddler diamsters, » spall
fragnent is ejacted from the back part of tine plate and the plais is not
perforated. With charge dismeters excesding 3.5 in,, the plugs are of

"the shapy shown in Fig. 1, and the dimmeters of surfaces A and D increase

inearly with :the charge dimmeter. (See Fig. 2). As an example, a charge
5 4in, in dismeter snd 0,40 in, long results .n a plug with diameter of
3425 in¢ for surface A and a dimmetor of 5 in. for surface D,

Por charges with a fixed diameter of L iu. and lengths varying from
0,25 in. to 1 in., the resulting plugs &1l hed diameters A of about 1,75
in, and diameters D of sbout 5'in,, with a variation of about 0,25 in.,
60 that thie process is almost independent of charge length, providing
tle length exdeeds a certain minimum, (See Fie, 3.) (A 1/8 in. charge

. produced only a crater in tis target; no upall was ejected.)

ALl of the above described results were obbuined with 1 in. ammer
plate, Similur results have been cbuaintd.with 0,5 in, and 1 in, mild
stesl targets,

From. the initiel experiments, it wns believed that the sheared
surfatd.B oould te atiributed to the existunce of a steep rrassure
gradient in ths sxplosive products, whilch caused shaaring o ~~our
st the top surface of the target. It wea thought that this shear then
propagated. back Lo lnbtersect with ibhs sarface of tensile fractwrs inde
tiatad by the interaction of the comprassion wave and a tension wave
originating at the back surfac. of the tergets To check this hypothesis,
charges wers explodsd in contact with b4 in. tis~: targets. It wvas
beliaved that 4f this shear process occuwrred ic wouid be evidenc~' by
cracking in the thick targets, H~usvsr, only amall random oracking
ococurred; it appears that the sheared surface as well aa the tensile
fracture surface must oyiginave in tlhe luteractlons taking piuce at
the target surfaces,

‘#oReceives ¢ August *758
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Fracture of Steel Flates under Explosive Loading®

Te P, Mureay
Carregie Instizute of Technology, F..ttsbuich, Pennsylvania

kecent experiments carrieAd -ut ot €,IL.T. to gain basic informetion
about the spalling process huve yiclded some interssting results. The
experimeats consisted of exploding cylindrical Comp. B chargss of vary-
ing configuration in sontact with amor plate .. < »ild steel. The results
show that for a certain range of charge parameters and plate thicknesses,
tae spallineg process consiste of the wjection from the plate of a large
"plug" of the shape shown sghematically in Fig, 1. Surfaces A and D are
the original front and back surfaces of the target. Surface B has the
stooth appearancs ch -cacteristic of shear, while surface C has the rough,
Jageged appearance characteristic of tensile fracture,

It has been found that this plug ejection pincess is ver) sonsitive
to charge diameter, but relatively ingensitive to charge length, For a
charge diameter of 3 in., the plug is roughly hemispherisal, with 2 small
perforation in the top piate surface, For smaller dismeters, a spall
frazmant is ejected fyom the back part of the plate and the platz is not
perforated. With charge diameters exceeding 3.5 in., the plugs are of
the shape shown in Fig. 1, and the diameters of surfaces A and D inoreass
linearly with the chargs diameter. (See Fig. 2). As an example, & charge
S in, in diameter and C,L0 in. long results in & plug with diameter of
3.25 in, for surface A and a dimmeter of 5 in. for surface D.

For charges with a fixed dimmeter of L in, and lengths varying from
0,25 in, to 1 in,, the resulting plugs all had diameters A of about 1,75
in, ana diameters D of sbout 5 in,., with & varistion of about 0,25 in,,
so that the procesa i3 almost independent of charge length, providing
the length exceeds a cortain minimum, (See Fig, 3.) (A 1/8 in, charge
produced only & crater in tus varget; ne spall was ejected.)

111 ur the sbovas describad resulis wera obtained with 1 Jn, amor

plate, Similar results have been cbeained with 2,5 in. and 1 in, mild

steel targets.

From the initisl experimomts, it was believed that ths sheared
surface B could be attributed to the exietence of a sveep rressure
@padiont in tie explosive products, which caused sheariny tc :s2our
at the top surface of the target, It was thought that thus shear then
propagated back to intersect with ths suvface of tensiie fractuce ini-~
tiated by the interaction of the compression wave aud a tension wave
originating at the back surface of ths ‘urget, Tu check thia hypothesis,
charges vee exploded in contact with 4 in, wni.x targets, It was
believed that if this shear process occurred it would be evidenc” . by
cracking in the thicit barpets, iowever, only small random cracking
occurrad; it appears that the sheared swface as well as ine tensile
fractwrs surface must criginate in tue inteczctions taking place at
the target surfacec,

#*Recelven 9 August © S

323

CONFIDENTIAL




B A R

s 1.

T ey,

CONFIDeNTIAL

Surfaco A

Surface B

z Surfaca C

Surfuoe D

Pigure 1t  Sketch showine approximate shape of piug ejected by spaiiing,
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It may ve that, as tensile fracbure proceeds, surilcient momenium is
trapped within tle plug teo enable it to free itself from the plate by shear
when fracturc ar proceedzd Lo within a certaiis distancu {eom the top sur-
face of the target plate,

It might be meutioned that 1%"in. X 32 in, target plates were used for
charges Li.5 in, and smaller in diameter, wnile 15 in. x 15 in, target plaiss
wave used for charges of diameter lar-er than 4,% in., so that it is nst
velieved that reflections from the sides of the turget centribute anything
to the gpallling process observed,

In many ceses the plugs recovered show another type of fracture in
addition iz that described above, In such cases the plugs are fractured
completely across, parallel to the base, a. a distance of about 0.29 in,
from tne back surface. This type of fractuce has occurred with both 0,5
in, and 1 in. nild steel tacvvats, It has not been obaerved in the few
armor plugs obtained,

The aimplest theoretical approximation to thas protlem is 1o censider
the interaction betwsen a spherical compression wave proceeding frem &
virtual source ebove the tsrget and a refliected spherical tension wave
proceeding frem an imags source below the tar~st., This approach, which
has been carried out by G. I, Taylort; predicts a frecture surface dif-
ferent from elither of the tws types discussed above,

It is believed that a more realistic and more detailed approach wili
be required to explain the actual fracture procass cbserved, If an approxi-

mate theory can be developed, the symmetry 6f the experimental resulte is
such that an adequate quantitative chack on tihe theory is avallable,

*The work described in this paper wag carrised cut under Contrac* Ru.
P4A~36-0061.0RD-1453 with Ballistic Research Laboratories and was reparted
in the Third Quarterly Status Report, July 31, 1955.

34, ¥, Evans and 5ir. G. I. Teylor, Research § (1952). p. 502,
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A Theoretical Treatment of Irater Formation by High Velecitv Fragments™ **

F. P. Beitel
Carnegle Institute of Teclnology, Pittsburgh, Pruncylvania

A number of thsories have been proposed for the formation of craters
by high velocity projeciilaess but, dus to the scarcity of good data, these
theories have been tested only for certuin projectile types wnd 1-mived
velocity ranges, Thus it is not +7init2ly lmown whether hole voluvme in
& single valued function of fragmeni momentun or of fragment energy as
predicted by certain theories based on various models of penetraiion.

On ti basis of experiments with lead tergetsl’e, the penetration by
hypei-velocity fragments may be descrived as the production of a hole by
the hemispherical distribution of energy around the point of impact, Further,
uo permanent compression has been dstected in cratered targets. Hence, we
have developed another i“sory of crater formation which considevs tha struck
target as an oxpanding hemispherical shell of incompressible fluid.

We assume nat energy is congerved and that the creter formming process
stops when the maximum pressure gradient within the target drops to a critical
value. We find that

5/3 5/3 /3 g,

W3 S (- " (A2 )" = (7N87%)

.
where V is the hole voluse, Ep is the fragment energy, b 1s the critical
value of the pressure gradient, and 3 = 1+ Vp/V , VUp being the hemis-
pherical volwue defined with the nearest distance from the center of impact
to the back or side of the target as the radius, Whon V<«<Vp , V 1is
progortional to B3/l j but when V>>V;, V is proportional to E3 ,

For fixed Ey , we find that as Vp is éecreaaed V increases slowly at
first, then increases quite rapidly as Vo becomes small, This latter be-
hs:ior should be easy to check uxperimentally, but no data are avallable as
yet.

#Recalved 9 August 1965

*sThe work deacribed in this paper was carried out under Contract No,
DA-36-061-0RD-453 with Ballistic Research Laboratories and was reporte?

in the Sacond Quartsily Status Report, April 30, 1955,

IR, J. Btchelberpar, F. E. Alldson, and W. F. Donaldson, “Craiers
Formed by High Velocity Fragments,® Fundarenvals ot Shaped Charges, C.I.T,
Status Report No. ), Chepter I, Coitract No. DA-36-061-0RU-394, July 31, 195h.

2R, J. Bichelberge: and W, F, Donsldaon, “Cru.er Formation by Hi-ervelocity

Fragments,® Fundamentals of Shaped Chs ces; C.I.T. First Quarteriy Status
Report, Contract No, DA-36-061-0RD-L453, January 31, 195S,
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FLASH RADIQOGRAPHES OF STEEL BALLS PROJECTED THRONGH ARMOR
BY A $,0" SHAPED CHARGE CONTAINER ROUND»
J. Simon

Ballistic Research lahoratories
Absrdeen Proving Ground, Marylend

e TR A PP PR

The Balliatio Rosearsh hbontorlos(l’ hiave designed .. 2.5" lethality
round which onables ons to place s varisty of materisls in a container placed
eround the baue cf the liner as shown in Figure 1. The mechanisnm iavolvss the
prodsotion by a ahung ?h’rso round of materisls through & perforation made in
s targot by its jet.(8){3

For this experiment, the follow~through matarial consisting o 3000
1/5" stesl balls was placed ia the contaimer, and flash radiographs of the
region procsdiug the slug were obtainsd. Figure 2 shows the pre-slug resion
sfter perforating 3" of wumor at a 4.,3" standoff by a 5.5% M28A2 rocket waye
head, Migure 8 is-a repetition of the sams experimsrt with & container filled
with. steel balis. A comparison of Figures 2 and » siows vhat the ball bewm:=
dugs have bLean projected through the target plate,

™  Tow offectivensus of this typs of round in the projection vf lethal
,‘i:i!xi"atoh_ sve, possibly toxio or incendiary has besn illustrated by these

l'l')“ﬂkrl'.w .

(1) Breidenbach, . I., and Gehring. J. Vim., Furthor Studies of Neth~s for
Inorewiing the Destructivenss, sud Lethallty of Lined Caviyy Charges,
7951, APG, Md., August 1906,

(2) Breidenbach, He I,, A Study of a Hethcd for Incryssing the Lothultt‘% of
P am w— - o—— ommmze R

Shehed ChaFges, Trensec Sions of SyRposiud on Shapsa (Leriss, held at vhn
WL, 7o 1 £ Daceober 1958, APG, ¥d., BKL 9QS.

e

(3) Simoz, J., Plash Radiograpks of Shaped Charges for Increassd lethality (7)),
BRLY 912, ARG, Ud, dugust 1956

sRaosived Y fugust 195<,
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Figure 1

. . sembly and componeats of the modified 3. 5" M2BA2, chemical contuiner rouad,
be steel balls may be seen in the assembly.

jodel i0. The location ot t

i
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Figure-2 Pigure 3
Fiash radiographs of the Flash radiograpns of the
slug from a 3. 5" copper “follow through' material
Uner ti rough 2 3" homo- projected through a 2"
geneous armor target at an i rReTeous armor target
ogive standoif of 4.3". ‘1he at . "ouslt-in" ogive stand-
a’sence of xny appreciable off at 4. 3", The round
amount of {ragments pre- ijred through this target was
ceding the slug can be noted. a 3.5" M28A2 momifiad
Comparr with Figure 3, chemical coatziner round.

As a witneosing mechanism,
3000 - 2’3 s*eel bulls were
placed in the container,
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FLASH RADIOGRAPHS OF BALLS PROJECTED THROUGH ARMOR
FROM A 106MM SLEBVED SHAPED CHARGE LINER#*
Jo Simon

Ballistic Recearoh laboratories
Aberdeen Frovige Ground, Maryland

The Balliatio Research Laboratorios{1)(2}{8) hav zhowa the feasivility
of slesved liners f~r shaped charge applications. A scaied-up version of the
1-5/8" raved, the mdlf&o? O6mm round, shown in Figure 1 was examinad by
means of flesh : . .ilography 4) to dotermine whethsr the collapse mechenism snd
Jet formation was essencially the ssma as raported for the 1-5/8" round,

Radingraphs, shown in rigures 2 and 3, of the pre=slug rugion of & stan-
dard 105mx T=138, and a 108:=m lethality round with an ogive and aluminum
oapped 1iner containing 320 1/8" stoel balls ave compered in free flight. The
lethality liner radiograph, Figure 3, shows the steel bLalls &lter thoy have .
funneled throug!) tho ogive followed by the collapsed aluminum rap carride and

rluge

The same rounds wars fired st a builtein ogive standoff of 8" through &"
of homogeneous srmor. The adiographs, Figures ¢ snd 5, give similor rasults
to those of Figures 2 und 3, Az may be observed in Figure 5, the radiograph
of & aleeved liner, the addition of balls in the lower portion of the alseve
has resulted in sucoessful projection through the hole mads in the arwor tare
go%. The divergence of the ball spray m.y be ohaerved, and the extra materisl
golng through the hole sontributes additional fragments near the axis of the
kols.

(1) Breideubach, H. 1., A Mothod for Ilncressing the Destruotiveness snd
)

Lotheiity of Lined (avity (harzes, %G, W4, February 1958,

(2) Breidesimcn, He 1., & Stlf_dx of & Method for lnorsssing the lethaiity of
Shaped Chargas, Trensactions of Symposium on Shaped Charges, Reic a¢ DRL,
7«11 Daoember 1953, ORL 909, APG, Kd.

(3) Breidenbaoh, H, I,, and Ushring, J. Wm,, Further Studies uf ¥ethods for
Increnin§ %8 Destructivensss and _l:ethaliq of laned Cavity Charges.-
961, 74, uao’ August 1956,

{4) Simon, J., Flazh Rediogrsvhe »f Shaved Charges foa Incrsaged 'whhelity ),
BRIM 912, AFG, Nd., August i95b.

sReoeaved ) Auguct 1853,
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DURAL SLFEVE EXTENOING

TO BASE GF CONE. 80 |

HOLES EVENLY SPACED
WITH 004" WALL
BETWEEN HOLES TO
BE ORILLED AROUND
PERIPHERY, ZACH TO
BE FILLED WiTH 8 128"
DIAM. STEEL BALLS.

A BEAD OF SOLDER

/.

X\ \\\\\\\\

NOVANN

AROUND BASE WILL HOLD
SALLS IN PLACE.

N

N

<

&
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N

ANNAVAMAVANRYAN
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fz— 28"
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—~—NOTE: STEEL
WAL: CUT BACK
AT AN ANGLE
TO ALLOW ROOM
FOR CAP.
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\-
S

AN

3.849"

Figure 1

A sketeh «f the experimental 108/am sleeved, ball-projecting round,
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! Figure 2
t
Flash radiographs ohiowing tiw slug Fi 3
from a 105mm drawn copfer liner 1gure
and the secondary fragments pre- Flash radiographs of the jet, steel
ceding the slug, This round was valls, aluminum sleeved carrier
fired without any target being placed and slug of the 106mm sleeved lner
in the path of the jet. A comparison iagign, These radiographs ilius-
with Figure 3 shows the avsence of . trate the "follow throues " applica-
large numbers of fragments, tion without any tasget 1 the path
of the fet. The secondary fragment
. sprav ~orsicts of many of the
original 320 - 1/8" steel balls.

Y oy
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Figure 4

Flash radiographs of a 105mm
stapdard drawn copper Uncr efterit
has hean fired through 6 of homo-
geneous armor at an 8" ogive stand.
off. The reglon preceding the slug
showa vory few fragraents. That
figure should be compared with Fig-
ure §.
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Figure 5

Flash radicgraph of a 166inm
sleeved Uner ball design after it hag
penetrated $" of humogeneous armor
at an ogive 3tandoff of 8. The
“follow through" principle has not
been destroyed by placing armor in
e path of the jet. The secondary
fragments, :iuwminum sleeved liner
and siug appear {n the same time
sequency as seen in Figure 3.
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Effect of the Fuse Conduit on the Long Standoff Performaice
of the M31 Rifle Grenade Charge® **
E. CC Mutschler
Carnerie Institute of Technolegy, Fittsburgl, Penrnaylvania

In the course of shooting a penet, ation versus stzudoff cur-a s
the M31 rifle gvenade charge, & rsried correlation was noted to exiut
particularly at long standoffs, beiween the direction of the "keynocis"
in the terget and the orientation of the charge. At standoffs of 1h
in. or longsr the jet appears to produce a second.:y penetration ia the
side of the hole (the hole resembles & keyhole) in the direction of the
fuse «crduit in the charge, Thias effect (ksyholing) is imown to result
from a jet whach hag its back section displaced laterally from the front
sedtion, causing it to penstrate the target at a different point.

The fuse conduld is a 3/32 in, square brass tube that extends along
the inside of the metal charge body from the nose fuse at the front of
the ogive to the detonator et the far end of the chorge. This tube vasses
through a slot out into the liner base and is soldered in position at this
point and at several other placzs along the charge hody,

For charges shot at a 1k in. standoff, 6 out of 10 shots produved
koyholes in the dirsction of the fuss conduit. For the 18 in, and 22 in.

- standoffs, 9 out of 30 aut 8 out of 10 ahots respectively produced the

aame offocs. In addition, the direction of ‘ths slug, as indicated by

thc mark it mekes on the target, likéwise- dorroiated with the orientation
£ the fuse conduits the direction is opposite-that of the keyhole, as

uou.ld be expected. For the 30 shots at the standoffs mentioned above,

2k, slug ‘marks occurre in a dirsotion away fyom the fuse conduit.

% appears certain from the correlations note. above that the fuse
conduit contributés significantly to the relatively poor perfomance of
the M31 charge at long standoffs. Howewer, perfermence at such standoffs
1s not important unless skirting plates are used as a defense against this
weapon, It can be seen fram the penetration standeff curve that a 12 in,
skirting plate would reduce the penetration vy approximately 50 percent
(from 11.6 in. to approximately 6 in.). The reduction in penetration due
to the fuse conduit alone cannot be estimated, but tha extent of the key-
holes and the strong currelation note indicate that it is probably a con-
siderable fraction of the total,

*Ihe work described in this paper was cariied out under Contri: . Ho.
DA=34=061-0RD-153 with Ballistic Research Lahoratories,

**Raceived 9 August 1555
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FLASH RADIOGRAFHIC EXAMINANION Cf JETS
FROM 105kl SHELL HEAT, %119F11 (izas)s

J, Simen
L. Zernowes

Ballistioc Rerearch Laboratoriss
Abardeen Provizg Ground, Maryland

Firings conduoted in connection with thc levha. %, program of ths M344
EEAT sholl gave uvera%e penvirations into homogeneous armor of (7.8" dynasically
and 14.2" statioally, 1)" Since the shell rotated approximately +16 rps*#*s at
targot impact in the ballistio firings, a possibility of spin compsnsation
exiating in these liners was oxplored to determine whether it contrituted tv
the bxllistio penetratior improvement over the statio penetrations.

Representative samples selected from the remaining ammunition were made
available for the f£l. sh rasiography of jets from thesc liners. Threo rounds
with nose oap snd fuze orystel intect were firod, and the Jets radiographed
at the Zerv apin rate (O rps) and at4ls rps.s»+ Figuras 1. 2 and 3 dhow that
the offect of rotation on the phevographed jev is symmetric s';out tie zero
apin rate, These ouservations ruled out the possibility of spiic compunsation
Sooounting for the improved balliastic performance over the stetio penotration.

It waa thought that the nose cap and fure orystal elemont might be in the

“way ofthe jet oa the static twsts, but removed from the path of jet in the

bgll:.atio testi, Figure 4 is the piotwre of a jeot from a round fired st a
uro lpi.n rate with the front part of the ogive removed and shows that the jot
4. lnghtly broken up longitudinelly. The degradation of the jet by the fromt
pn't of “the round and sny schondery anterference vhich might result from the

, oryttal olomnt is seen to ba very slight, (o.f. Figurea 1 and ¢).

L The x,Q,u;M: degradetion of ths jet by the nose cap and fuze indioated by

l tho adiographic obeervations 18 in qualitative agreement with the 1" 4 t )

98 45 porietrarion obaervad (15.2" without fuze snd 14.2" with fuzs),
8e oap ené fuze carnot account for al! the difference dstwsen
atatio tml d:fumi.o shots.

{1) Fifty-sixth Progrese Roport of the Firestons Tire and Rubber Company on

Battelion Anti-Tenk Projsct uander Contract No. DA-33-019-0....~1.~.., BN
stono PTirs and Rucbar Coampuny, Defense Resoarch Divisicn, Aizreu, Oaic,
“faroh 1956

{2) Verbal cimmuslcation by Dr, H, ¥inn, Pirestone Tire and Rubber Company,
Dsiause Rosvarch Division, Akroa, Ohis,

* Rsosived 2 August 1955,
**  Dr, Zernow s now with Aerojet-Gensral Corporation, Azusa, Califernia.

*¥* The convention for algebr:ir nign of tha di.:ivtlon or rotation hes veaen
takou a3 posit .ve 1f rotavion of the projectile iz clockwise whon vizend

“rem the v.ar, This is ths normal situation for a° .«lisry with & righ
hend twist of rifling, 105
!l

CONFIDENTIAL




.

R Y . T X

13

»
1S
.

&t
T

—Fe T
&

B
<% 5
3

=GR
23

I

Cod N
[P e,
- {" P Ridhe

¥ s e

S
SRR

Figure 1
Flagh radiographs of the jet
from 3 1¥8mm, T119 lner.
The row! #a8 fired statically.
The nose cap and fuze crysta
slomect erz on the ogive in
tais firing.
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Figure 2

Flash radlographs of the jel
from a 106, T116 lner,
The round was rotated at +18
rps, The nose cap %v! fuze
crystal element were in Lo
path of the jot in (N3 firlsg.
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Figure 3

Fiash radiogzaplw ol the jet
from x 108mm, T119 liver,
The round was rovaed at <18
rpa, The nose cap and fuze
crystal elament wore i the
path of the jet in this firtoeg,
This jet {8 similar to that of
Pigure 2, {rotated +15 73,
ahawing symaetry about the
non-rotated [requency axms.
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Fiash radiogr: phs of the a2t
from a 108 n, T119 Linarx,
The round was fired siatically
with the ncse cap and fuze
cryeial element remeved,
Compared with fMgure 1, the

jet ~f thia figuiv  more con-
tinuous, indicatlag ict re-
moval 1+ passuag through i*.
reac cap, and fuze elemen:.
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frelivinary Evaluation of the Usefulness of Flash Radiograyha
for Quantitative Jet Studies® *+

M. A, Holmes
Carnegle Institute of Technology, Pittsburgh, Pennsylvania

Exploratory oxperiments we.: carried out to ascertain the expersiental
difficulties involved in the use of low voltage flash X-rayl nictures for
quantitative determinations of jet mass, elongation and fracture. 1The re.
sults were used solely to check the methods empioyed rather than to support
or cispule data previously obtained by other methods.

The standard 3.I.T7. charge containing the M9al steel cone was used for
the investigation because much jnformetion is aveilable regarding the per-
formance of this type of chergec which provided a check on the results cb-
tainud bty the X-ray stut,

The conditions which Limited the aczuracy of the measurements were:
(1) Variations in the charge. (2)' Variations in the timing circuit,
(3) Multiple exposures. (k) Movewente of thz particies during the ex-
posure time, (5) Diffcrences in density due to varlations in the isilen-
sity of the X-ray., (6) Obzervational error due to the judgment of the
cbserver in detemminise the true boundaries of the particles, (7) Magni-
fication faotor.

The variation in the poeition of the tip of the jet, which is an
indication of the extent of (1) and (2) abcve, was about 2 per cent,
Many of the multiple exposures were eliminated from the study because
successive portions of the jet particles overlapped making the actual
boundaries of the particles too much ir. dowbt. The orror due (k) was
negligible since the exposure time was very shert. The variations of
(5) proauced sone under~exposures for which there 'was a tendency to con-
sider the particle larger th 2 it actually was and some over-exposures
for which the tendency was to consider the particle smaller than its
true size, Although these under- and over-exposures should cancel to
some extent, this is nevertheless considerad tc ve tha mogst serious
gource of error. An ostimate of the error due to {6) was obtained Ly
having several individuals measure the particle area on a given section
of esch picture. The error thus obtained for the pictures uszed in this
study was 10 to 1% per cent., Tle magnificution factor was computed ~j
corrections made therefor.

The resulis gave gome indization that ths jet particles lengthen after
the initinl fracture: however, this is considered doubtful due to the une
certainty ;2 the measurcments, Although the data of tliis first exploratory
experiment showed a great dexl of variability, ihe reusvlts in general seem
to agree witn dats previously obtained by other methods. There ir n appar-
ent need for refinements, but wiih improvements the methods used here give
premise of yielding relisbls information, Therefore, & similar study is

eing carried out usiog ¥.var pictures which asoear tu pe of mcre unifors
density end 8 3.23 %ia, oiameter copper cone which 1ill give larger fragreats
ard thug reluce the percentage error in the measure .onte,

*fMecelved 9 Algust i.oo
= 107
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The work described in this paper was zarried out under Contrsct No.
Di-36-001-0RD-453 with Ballistic Research laboratories and was reported
in the Third Querterly Status Report, July 31, 1955.

13, 4. Pasgzek, B. C. Taylor and J, l. Squier, "Low Voltage Flash
Radiopraphy,* B.R.L. Memorsudur dpt. No. 645, February 1953, Abardeen
Proving Ground.

4R, g, Eichelberger, "Re-Exsminai’on of the Theories of Jet Formation
and Target Penetration by Lined Cavity Cbarges," CEL Rpt. No, 1, Contract
No. DA-36-061-0RD-35k, Curnegie Institute of Teohnology, June 195k,
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RADIOGRAFAY OF STBEL TARGLYS TQ MEASURE THE FER:IRATION OF JETSe

Jo ¥, Regen
Je Jo P ovzek

Bzlliatic Ruszaron Laboratories
Absrdeen Proving Ground, Maryland
" Receut discuasions at the Shaped Cherge Committes Keetings have aroused
interes: in the mathods used for tho determination of dapth of penetration in
targets,

The target most ocamonly used at the prosent tiwe at BRL is a staock of
6" x 6" x 3* blocks and thy penetrabion is determined by csunting the number
of blocks completely psnetrated and adding to this the penetration into the
final, partially penstrated, blook, Tho bloock, partially penetratod, is out
through the ocenter of the hole thus exposing the depth.

When steel oylindors are used an {argeis *ne Asterwimaiion of the depth
of penetration is wore diffiocult., It is nscessary to cut transversely zeuse
where asar, but above, the bottow of the hols and then cut longitudinally to
oxpose the dopth,

In au effort to find sowe oasier way to measuve the depth of penetration
into stee) oylinders, radiography has been suggaatoed, The Ballistic Research
Laboratoriss onnducted a simple exporiment to determirs the fsasibility of
radiography for this purpose, Stesl blocks, from thu seme stesl supply used
for tergots, ware sxposed to & ona (1) curie CoS0 source for 20 hours using
Kodak type M £ilm. Although the depth of peuetration was readsble to the
nearest one-eighth inoch,the radiographis quality was poor.

Howsver, we beliove isprover nt« couid be made in the quality by preper
shiolding from scattersd radiation and the uso of more sensitive films, Fure

_thermoré, uhe radlomctive souros would reguire the sonstruction of a speolal

housing faoility, I any cass thara 18 no increwse in pracision of msasurow
ment and no decresse in the tine neceasary Lo cbtsin the final moasuwremont.

Rinos radiogrephy offers no advantages over the method presently used
here at those laboratories;its usé 1s not contemplated, Howover, at inst<l-
lations whare heavy duty power tools are not availeble for outting blooxs, a
system of this sort uey be particularly useful,

YAnoaived 16 Lugust 1955
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Improvements in Light Leakage and Light Source Jntensity for
Kerr Cell Phetography™ »»

E. C., Mutschler, T, P, Murray and M, A, Holimes
Carnegle Institute of Technology, Pittsburgh, Pennsylvania

In Kerr cell photography it is desirable to eliminate light lsakage
as completely a5 pogsidble, Therefcre a system .onsisting of a polardz-
ing filter, a Kerr cell, a second polsvizing filte. ith its axis crossed
ab.90 doz. 0 the first, another Kerr cell, and a third filter with its
axis parallel “» the first was examined as a pgsaible replacement for
the usual single cell with two crossed filters~,

Foom photographa 14 .as eatimated that two poiariuzing filters with
their axes parallel and one with its axis at 90 deg. to the other two
permitted 14ght Jeakage about 100 times leas than two filters with their
axes crossed at 90 degrees. However, readings obtained by using a phove-
0611 and galvanometesr sliow that three filters with their axes parallel
trensmit only 67 per cent as much light as fwo filisrs,

To take advantage oi this better closing of the Kerr cell, it u3ld
bs nesessary to sacrifice gbout one-third of the lipght availuble vhen
only two filters are used plus the amount of light lost due to the nitro-
benszens in the additional cell, '

Consgquently, an atiempt was made %o develop a light squrce of
graster intensity and, if possidle, shoricr duration than the expl X
wire being used with two pol..o*l3, Wires of different material and \ .°
size, metal ribbons, paper moistensd in water or acid and coated with
powdared wmetals, and a gless plate over which a epark could glide were
tested in the exploding wire olrcuit. This circuit include: a 3 micros
farad condenssr which 1s charg 4 1o 23 kilovolts and discharged through
a wire causing the gire to explode and thus create a light sourca of
very high intensityc. A 10 centimeter length of 0.005 in., aluminwa
wire i3 _enerally used and the materials tested were compared to this
as a standard,

The beat resuluts were achieved using the 0,005 in, aluminue wire
sandwiched between two 1/8 in, thick glass plntes and viewed thrcugh
the plates. Oscillograms show that the peak lignt cbiaincd feem thi-
arrangenent is 2,% ‘o 3 times that of the aluminum wire glous srd that
the diration ¢f the peak is only asbeut 0,6 that of the aluminum wire
slone, These results were verifisd in a similar circuit with a 3 micre-
farad condenser at 20 kilovolts, Tue to the glass plates, the luminous
envalop surrounding the wire preseats a gozater area and more light im
the diraestion of the photocell pickup, The short:. duravion may ba
attributed to 8 quenching sction by the shattering glass.

#sfiaceived 24 Yoy 1966

k1o




-

« ke e

CONFIDENTIAL

*The work described in tnis paper was carried out under Coutract No,
DA-26+061-0RD-453 with Ballistic Research Lsboratories.

1y, Schardin and E. Funfar, "Renurt on thne Fundamentals of Sparke
Cinematography," Zeitschrift fur Angewandte Physik, 4 Band, Heft 6,
June 1952,

2S. Foner, R.v, Heine-Geldsix. and E, C, Muvschler, "High Specd
Photography, " Fundanentals of Shaped Charges, Eighteenth Bimonthly
Report (CIT-ORD-21), Part 11, v. RO, Contract No. We36-061-0RD-2879,
June 30) 19h9o
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. Strain-Free Cells for ¥err Cz.1 thotography™ *x

M. A. Holmes, T. P, Murray and E, >, Mutschler
Carnegie Insitute of Technology, Pittsburgh, Pennsyivania

Considergble difficulty has bcen encountered in cbtaining the
strain frec absorption cells necessary for Kerr cell photography.
Very high requirements must be placed un " optical properties of
the cell to achievo & minimum of lighi: transnission when ths cell
13 placed betwesn orossed polaroids~. If these requirements are
not met, light leakage during the expleding of the wirc light soures
{approximaiely 50 micr~saconds) will cloud a photograrh taken with a
Kerr cell opening of less than one microsecond,

Fron an ord=> for gseven strain {ree cclis, none were usabls due
to the above fallurs, Fovr this reason it was decided to construct a
cell using as a cement & sodium silicate and talcum mixiure2, No heat
is required for such a seal and thue the possibility of inducing strains
in the cell is reduced.

Glass 1/2 in. thick was used for the bottom and sides of the cell
to provide considerable aroas of contact, while the front and rear pisces
ware of 1/8 in, thickness bhecause thinnes glase ip lses ilkely o contain
strains, A mixture of sndium silicats and Yalounm, appreximately the cun.
N aistency of molasses,was used as a binder, Extensive experiments to de-
! ternine the optimum ratic of sodium silicate to taloum wers not carried
out, but apparently a wide range of mixtures would be satisfactory,

This binder was also found to be effective for joining glass to
breas and ons ¢ell was made using brass for ths main part of the body
with thin glass windows cemented to the ends.

When tested between crossed polaroids no indication of strain could
be detected in cells mads with the sodium silicate and talcum cement. In
addition to the test far etrains, the cell was also filled with nitroben-
vens and allowed to stand more the - & month to determine uhether the nitro-
benzene would oreep through the cemented area., AV the end of this pexiod
of time no leakage could be detected although the seal can bs comnletely
i diasolved in waser,

: *Roceived 24 May 1955

**The worle described in this paper was carrie? out under Contract No.
DA-36-061-0RD-4453 with Ballistic Research Laborcziories,

1R.v. Heine-Geldern, "High Speed Photography,* Fundamentals of Shp.d
Cherges, Fourth Bimecnthly Heport {CIT-ORD-3), p. 9, Contract No, Di-36-
061-0RB«122, June 30, 1952.

2, Schardin and E, Funfer, “Report on the Funde-zatals of Sparke
Cinematography,? Zeitschrift fur Angewandte Physll, L Band, Heft 6,
June 1952,
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USE OF SHAPED GHARGES T PHOTOFLASE BOMDS =

G, R, Hardrick and £, L. Kreidl
Axrthur D, little, Inc,

In connechivn with the study on phctoflesh borbs, it appesrs that
the light emission of only & rathar thin layer of the cloud of burninz or
lwninescent metzi powder will contribute to the illumination of thr2 ground,

It, therefore, was beliecved u:rirable to devise means for spread!ng a photo-
f£lash or metz) powdar irto s »elatively thin sheet to obtain bettur use of

the light emitted from the burning particles and incandescent ccmbustion
products, Some preliminary experiments have shown that i crude vsrsion of a
shsped charge design can be Quite effective in achieving this, Double channels
of alumim.. gheet were fobricated with 90° and with L5* angles and filled with
megnesium, aluminum, or inert simulants, such as aluminum oxide, The channels
wers in the form of a straight line charge of circular or polygonal shape,
High speed photographs (3000 frames/sec and 6i frames/sec) gave an indica-
tion thet even in a orude design the metal can be thrown into a significantly
flatter and longer pattern than possible in conventional des.gn, The draw-
ings 1llustrate the gencral shape of the items, and comparative sizes of
burning clouds produced at approximate peak illuminatisn, The clouds shown
hers were viewed side on with a slow motion color camera, additior-l work is
planned,
: This work wus dons in co-operaticn and under contract with the
Pyrotechnics Section of Picatinny Arsenal, and has received Project Offiecer
approval for publication in the Shaped Charge Journal,

#Heceived 2 June 1955
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CALENDAR OF COMING E"°NY'S

! Listed here are events of general intersst tc those working .n this

i and related f£-.:1ds. Further information about bthe westings listed below

| can, be obtained by writing to the rddresser indicated in parentheses. In-
'§ formation concerning other sueh eveats for listing will be apprecisted.

CCTOTER

11l - 12 Eighth regular meeting of the Ordnance Corps Shaped Charge
Resaarch and Pevelopment Steering and Cu.:Ginating Committee,
Detroit Arsenal, Center Line. Michigen (Office, Chief of
\ Orénance, Department of the army, Weshington 25, D. C., Mr.
‘ Melvin C. Miller, ORDIB).
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INDEX CARDS

First Section

This first section consists of index file cards, each bearing e
brief abstract of a technical report, paper, or progress summary ap-
pearing in this issue of the Research Report.

It is intended that these cards can bz removed for filing if
desired. However, for secw "ty purposes, since the abatract may be
classified, provision is made tor retaining the signature and identi-
fication of the person removing the index card.
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Abstract Card No. 1L CONFIDENITAL,
5. C. Report

The Effect of Snaped Charres at Long Ho. k-t
Stendoff Againat Adreraf. e A

R, G, S. Sewell, L. N. Cosner, J. Pearton,
U. 8. Naval Ordnancz Test Station, China lake, Cali<cria

October 1058

The: Navel Ordnence Test Station is contiauing the in-
vestigasior. of the effects of chapcd charges at long
standoff againat eirereft structures. The damge mechn-
nisms are desceribed, ar - un atlempt is made to explein the
processes active in produeing vaporific explosions. The
regults of recent firings ageinst aircraft structuren prove
conclusively that shaped charges can produce immediate or
K-type killa against homber style aircraft by means of
vaporific explosicus,

5 pp. O figs.
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The Eftrect of Shaped Cnurpes at Long I?{o c&_g;port
[ o .

Standof'f Ageinst Adrcreft October 1955

R. G. 5. Sewell, L. N. Cosncr, J. Pearson,
U. 8. Naval Ordnance Test Station, Chine Laite, Californis

The Naval Ordnence Test Station is continuing the in-
vestigation of the effects of shaped charges at long
standoff against ajrcraft structures. The damage mecha-
nisms are described, and an sttempt is made to explain the
procesces active in producing veporific explosions. The
results of recent firings apaingt aireraft structures prove
conclueively that ahzped charges can produce immediete or
X-type kills against bomber style airceraft by means of
vapor~ific explosions,

5 ™p. 0 flee.
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The Fffect of Shaped Charges at Long ?«o CL I:gport
Standoff Against Aircraft ocl-*’))'rm

R. G. 5. Sewell, L. N. Coaner, J. Tuussen,
U. 8. Naval Ordnance Teat Station, Chioa Lake, ldatifop.ia

The ¥awval Ordnance Test Station 1s >entinuing he in-
vestigation o :he effects of ghaped charges at loung
standoff against aircraft structures. Tre damage mecha.
nigms ere described, aud an attempt is mede to expla’: the
precerses active in prouwucing vaporific ev losions. The
resulta of recent firings ageinet atircraft structures »rove
conelusively that shaped charges cea produce immec. *i& o
W goe wille eoutngt Lomber auyle aireiart by mesna .
vapo.’iiic exploslons.
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. G. Dunlle, Pleationy Avsenal, Dowver. N, J.

wmforretion reperted in the three nmeetings shoved
progress in; (1) disseminatica of new data (Al abaped
charie 'iteralure review) (2} improvement ~f matal paris
{rotatio" cuapensatlon ai:d investigation of fahrication
yrocesses } (95 improvement of the explosive chargze (press-
loading investigation, i 22lt composition, tandem shaped
charges), (i) defense, lethality and beyond-armor damage
(density lew devistion, billets vs plates, frogment
digtribution).
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Picatinuy Arsenal Shaped Charge g& Cl.* I:f_:port
Committee: Abstract of Froreedings, 0“1:, ob;i- 1956

Flrst Holf of 1955
C. G. Dunkle, Picetinny Arsenal, bover, N. J,

Tnformation reported jn the three meetings shoved
progress in: (1) dissenination of nev data (ADL shuped
sharge litervature review) (2) improvement of metal parts
(rotation campersaiion and investipation of fubrication
Processes) (3) improvement of the explosive charge (press-
loading investigation, R-selt composition, tandem shaped
charges), (4) defense, lethelity and beyund-armor danage
{density lasw doviation, billets vs plates, fraguent
diatridution).
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Committee: Abstract of Proceedings, :
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C. G. Dbunkle, Picatiiviy Arsennl, Dover, N. u.

Information reported in the three me:tings ehovad
progress in: (1) disvendnation of new dats {ADL shaged
charce literuture review) {2) improvement of metal parts

(rotation o usation and investigation of favrication
Processes) m;)mimp*ovemc ;v of tne exploalve charge (press-
loading investigation, R.salt composition, wandem shaped
charges), (I} defense, lethality and beyond-armor damuge
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Ordnance Corps haped Charge Research Report Yo. he55
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BEditors: John 7. Squier, ¥RIL, APG, Mad. Octcber 1955

Irving Lieberman, BRL, APG, Md.

Includers: Minubcs of Seventh Meetling of Ordne ice Corps
Shaped Cherge Committee; four papers presented as Lhe meet-
ing: Cuoments on Targets Used at the Balliastic Research
Tahoratories; Use of Steel Rilleta as Torgets n fhe Eval-
uation of the Performance of Shaped Charges; Current Hork
on the Nitraso-amnalog {h-..:ait)of RDX for Application to
Shaped Charpges; The Effect of Shiaped Charges at Long Stond-
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Shaped Charge Comuittee - Abstracts of Proceedings, First
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Shaped Charge Committee; four papers presented at the meet-
ing; Comments on Targets Used at the Ballistic Research
Laboratories; Use of Steel Billets us Targets in the Eval-
vation ot the Performance of Shaped Charges; Current Work
on tha Nitropo-snslog {R-salt) of RDX for Application %o
Shaped Charges; The Effect of Shaped Charges at Long Stand-
off Against Aircraft; One Summary: Piceatinny Arsenal
Shaped Charge Cormittee - Abstracts of Proceedinga, First
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Revei;i of Abstract Card No., 1

Date

Abatruc.: Card No. 1 BRL Ho. ©31
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portéd and reduced. Obaorvations on heavier materials
give aubsonic shock velocitiep under very higo stresses,
In all materials axcept glass the compression front is
markedly ~urved, indicating & rapid decay of shc2
strength.

30 P, 8 fig" 6 thls.

observations on piste glavs aid Cetalin 61-803 wre re-
ported and reduced, Cbservations on heavisy materials
give subsonic shock velocities under very high gtrerses.

"In all materials except glass the compression front is

markedly ourved, indicating a rapid decay of shock
strength.

A pp. 8 Pigu. 6 tbls.

cosexrvations on plate glass and Cutalin 61-89% ==z re.
ported and reduced. Observationc cn kse . » walrr:-
give subsonic ghock velootitias undes very Lisb stivubcn.
In a1l materials except glass the sormcssion front ie
markedly cuarved, indicating & rapid decay of shuck
strength.

% pp. & figs. © tuls.




A - A S e

3

N CF IETORATIOR PREISURE IN THO SCLID HIGH EXFLOSIVES, BRL No. 933

”r
-

AN EXPERIMRITIAL, DRTEHMINAS

by J. W. Gehring, Jr., J. Dewvey, BRL, APG, Mi.

Upon setisfeotory tdeaxtification, signature on propsr form below, nad with concurreunce of the
oustodian of this Journal, index cerds may be out out by persons authoritsd to receive this Journal

CONFIDENTIAL

Keoeirnt of Abstract Card Hoe 1

ie acimowledged

Dute

Sigmature

Agency

Cut ners

Abstract Card No. 1
BRL No. 935

An Experimental Determination of Detonecion ) 11 1955
Pressure in Two Solid Figh Explosives 2 e

J. W, Gehriug, Jr., J. Zowey, Ballistic Reseaxrch
laboratories, Aberdeen Froving Ground, Maryland

A method of determining detonation pressure of golid
exy sivee 1y flash radiography of steady stata corntact
detenr*tors 18 deseribed. Results on 50-_C antolite and
Composivion B are gsomewhat higher than computed values
usvally reported.

16 pp. 7 figs.

is aclmowledged

Receipt of Austract Card Yo, 2

Sigmature

Date

is acknowledged

Reoelipt of Abstraoct Card o, &

i Date

Abairact Card ¥o. 2
BRL No. 935

An Experimental Determination of Detonation April 1955
Pressure in Two Solid Hish Explosives P

Jo W. Gehring, Jr., J. Dawey, Ballistirc Research
Iaboratories, Aberdeen Proving Ground, Maryland

A method of datermining detonation pressure of solid
explosives by flash radiography of steady state contact
detonations is dsscribed, Results on 50-50 Pentolite and
Camposition B are scwewhat highey than computed vaiues

usually reported.

16 p~. 7 tips.

Abatract Card No. 3
BRL No. 935

An Expsrimental Devermiunation of Detonstion April L
Pressure in Two 80l1id High Explosives 995

J« W, Gehring, Jr., J. Dewey, Ballistic Reseaxrch
laboratoriea, Aberdeen Proving Ground, Meryirnd

A method of determining detoration pressits of su..a
explosives by flash radiography of atesdv siate contact
detonsticns 4s described. Results on 50~50 Pentcli‘e and
Couposition B are somewhat higher thun computed valuss

usually -epoited.

Pr—

16 pv. T figas.

hx

CONFIDENTIAL




~an——. o

M1S INITIATED TETRYL I'ELIETS,
4.

lo. 7%

S

BRLM
BRL, ATG,

Upon satisfactory identifiostion, signature oz proper form below, and with ooucurreccs of the
ocustodian of this Journal, index cards may be cut out by perszons authorigsd to receive this Journal

oason,

-
e
hed

M3

A

25 AXD

TTON HAVES EMFRGING FROM

ASYMMETRIC OF IiT

by Gecrge E. Hauver , Xennetwn

CONFIDENTIAL

- wv— - e ——

Receipt of Akstract Card Na, 1

18 scknowlsdged

Date

Sigrature

Agency
Cut here

Argtraect Cary Ho. 1
: L Lard 5 BRIM No, ¢92

Agyrwetry of Detonution Waves Emerging sy 1955
from M36 and M36 MLO Initiated Tetryl Pel.ets

George E. Hauver snd Kemeth A. Benscn
pallistlc Rasearch 1 )oretories, Aberdeen Proving Orvound,
Maryland

Reswdts of measurcmen s on energent detonation wave-
forms #rom tetryl pellets initiated hy M36 ana ML8 detona-
tors are rszported, Thc roosults indicate that the zverage
waveform asymmetry resul''nz from initiation uy an M26.ML8
combination is approximately one-tourth to one-fifth the
asymuetry reswliing fram initiation by an M36 alone.

—

Receipt of Abstract Card Mo, 2

is acknowlasdged

Sipmature

Date

Agenoy
Cut here

Eeceipt of Abstract Cerd No, $

is acknownledgec

Signature

Date

dgency
Cut. kere

9 pp. T figs.
Abstract Card No. 2 BRLM No. 593
Asymuetry of Detonation Waves Emerging May 1955

from M36 and M36-Mi8 Initiated Tetryl Pellets

QGeorge E. Hauver and Kenneth A, Bepson
Bollistic Research laboratories, Aberdeea Proving (round,
Mzryland

. Results of measurements on emergent detonation wave-
forms from tebryl pellots initiatad by M36 end M6 detona-
tors are reported. Tle rssults indicate that the average
waveform asymmetry resulting from initiation by an M36-M.8
combiration is approximately one-fourth to one-fifth the
asymmetry resulting from initiation by an M36 eloue.

9 pp. T figs.

—— —— —_—
Abstract Card Ho. 5 BRIM No. 593
Asymmetry of Detonation Weves Emerging May 1955
from M36 and M56-ML8 Initiated Tetryl Pellets

fecrze B. Hauver and Kenneth A. Benson

Ballistic Reseaxch Irooratories, Averdesn Pr. 3 Sponmg

Maryland

Results of neagurements o1 exergent azitonabicn wave-
forms frou teiryi pe’lets initiated by M36 aud MIC detona-
tors are reported. Ihe results indicate that the average
vaveform asymmevry cesuliing from initiation by un M36-08
combiration is approximatsly one~fourth to ove-firth vhe
asymmetry resulting from initilation by en Mo alone.

’

2 pp. T Pigs.

r——— - a2 & e Av—r— . o ety ool

w33

CONFIDENTIAL




- -——

R AR U LTI ST A PR RTINS T U AN ey N I T N R A RSB S BT S SRS T R

AL s 1~ B b

Bl S

ot

P

MICROSCOPY AT FRAMING RATRS > iOox'&COHD, BRI

¢ Hauver,

bt et

s DY Louis Zermow, >

enr

L
i

C

APG, M.

on, signature on proper form below, and with concarrence of the

4-—',

1
A

Upon satisfectory Sfdentificati
custodian of this Jouraal, index cards may be cut out by persons authorirad to receive this Jourun

CunrIDENTIAL

Rece:pt of Abstract Card No., 1
is scknowledged

Signature

Date

Agency
Cut here

L35t G5l T
bl d Lo, 1 BRIM 495

Cine-lerose.py abt Framing Retesrl07/Secand  Hay 1958

Iovis Zern.v, George leuaver,
Bailistic Reaea.ch Labor, rieg, Aberdsea Proving
Ground, Meryland

A cosmercially available freming camera has heen
adaepled for eine-microscopie studizg at framing raics
greater thay 100 per second, and magnifteatiord li excess
of 200. Portions of cemera records showi.g .1ass fracture
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A commerclally available framing camera has been
adapted for cing-microacopic studics at framing rates
greater than 10° per second, aud magnificationa in excess
of 200, Portions of camera records showing glaazs fracture
at h.5x, and exploding wire at 25x and an electric spark
at 215x are included to illustrate the type of obser-
vatione to whick this techuiqee has been applied,

7 vp. 2 t'igs.
—— e ——man

Abatract Card No. 3
Cine-Microscopy at Framing Raten>10 /Second May 1955

Louis Zernow, George Hauver,
Ballistic Research Labcratories, Aberdeen Proving
Ground, Maryland

A comercially available framing camera ham Lcco:
adapted for cing-microscopie atudies at framiag races
greater than 10° per second, and megnificavions in excess
of 200, Portions of cemera records showing glass fracturs
at 4.5x, and exploding vire at 25x and an electric spark
at 215x are inciuasd o {llusirate the type of obser-
vations to which this te.hnique has bcen ar-7'ied.

T o, 2 figs.

st g wov—— o avmn

agi&nil 4B Dakrdtt L DB K R e bl S s ¢

LY




* > ‘ .
R A

Abstract Card No. 1 CONCIDENTIAL

BRIM 907
Flash Radiographic Study of Anomalous Jets July 1955
tron 90nm Liners Manufac.ired by Rotavy
Extruglor (U)

Jutius Simn, Ballisti: Research lsboratories,

(v)

a1

T B 22 5+ B TRt e S urvme s«

Signature

-
\d
(=
g &g :
Ex‘, © 5, Aberdeen Pre ring Ground, Md.
3 »
E{] g,.': E’ _§ Plve lots of experimental 90mm "spun" éopper liners
15t & ® manuwactured by a controlled gpinning proceas exhibited
é‘j - 3° g spin cumpensation when . lred for spin-rate-penetration
3+ . behavior. Flash radiographs are shown of Jets from these
‘>q« ;_-j T - 1liners which confirm the penetration experiments, showing
;‘;j ? spin compensation in liners manufactured by thid spinning
5. a o technique,
43 § 3 '
Elu & 13 pp, 8 figs. 1 thl. .
7] Avstroct Card lo. 2 CCHFIDENTIAL
o . BRIM 207
" Flash Radiographic Study of Anomalous Jets July 1955

fram 90mm Liners danuldcturea by Rotery
Extrusion (U)

Julius 8imon, Ballistic Research Laboratorles,
! Aberdeeun Proving Ground, Marylang.

v
Ao,

o
fus Sizon, BRL, ARG, MS.

signature on proper form below, sud with concurrencs of the
u-nal, index serds may be cut cut by persons suthorized tu ssceive this Journal

Signature

P

¥ive lots of cxperimental 90um "spun" copper liners
manufactured by 8 controlled spinning process exhibited
spin compensation when fired for spin-rate-penetration
behavior. Flash radiographs are shown of jets from these
liners wrich confirm the penetration experiments, showving
spin conpensation in liners manufactured by this spinning
technique.

is askmowledged
Agensy
Cut here

OUS JHE7S FROM &

-
o Jul

AR
Reosipt of Abstracs Card Yo, 2

Dute

~ v

Fari

15 pp, 8 figs. 2 LBL,

L I AT K PO 0 A5 IR A W 0, NI O o B S P TS R R T T o

g
! ) :é an——
US b Abstract Cacd o, 3 CONFIDENTIAL
SR . Flash Radiopraphic Study of Anomalous Jets };Rul“y‘ 3‘9’5’-
By s o B from 90mn Liners Manufactured by Rotacy 2
o gl g Ftrueton (U)
HoeS ye | Jwlius Stmon, Belliztic Research Taharatories.
‘;xé, g n(: ? ‘2 Aberdeen Proving Ground, id.
o die
& §§ B"' g § ive lots uf experimental 90mm "spun” copper liners
aﬁ 29 35 g ranutfactured by a controlled spinning process exhibited
; : gi< 2 5 spin compensation when Sired [or spin.rate-penetration
f‘f; 94 o" 91 behavior, Flash radio,raphs are shom of eta from thege
g-‘i 3. B ° .: liners vhich c.wWirm the penetration experiments, shoving
SRt spin compensetion in liners manmufactured by this svinning
. 313
o 8 v ..‘;que.
0
Yo , g 14 on RS 1 3
§ . & 13 pp, O figs. luud. L —_

L Xl

PRI

LN

Sl REINE AT IS e

bbb, o B SR

RPN I TR T IR * 1 1S SRR JO L




£3 4y R

——— Sra— —

/vutract Card Fo. 1 CONFIDEINTIAL

A Tlash Rodiographic Study of Special BELI 503
Armor (U) July 1959
Julius Singn, Ballistic Reseerch Laboratories,

Aberdecen Yroving Ground, 1R.

Working on t.e problem of cagbing amuor around
quartzite blocks, the Detroit Avsenal has developed a gro-
cedura vhich appears to he the initial step Heward :aking

uge of the defensivs polentiality of ¢less or plaselike
materiala. This report presents direct experimentul evi-

dence in the form of flash raqiopraphs of secondary in-
terference by silicecus cored srmor with the residusl jets
from shuped charges.

Other terpget materials which exhibit this anomalous
behavior against shaped charge jets are included for com-

T4 Ld0N purposes,

13 kR, & figs.
Abatract Caxrd No. 2 CONFTDENTIAL BRLM 909

gg:sle‘gwmmpm Study of Bpecial Mty 1995

Juliue Simon, Ballistic Research Laboratories,
Aberdeen Proving Oround, MA, '
Working on the problem of casting araor arcund

quartzite blocks, the Detroit Arsenal has develaped a pre-
g ! cedure vhich appears to be the initisl step toward waking

T

Signsture

i» acimowledged
. Agency
Cut here

end with oconcurrence of the
Receipt of Abetract Card No, 1

parsoas authorizsd to receive this Jo

{ Date

Sigaatare

vse of the defenslve potentiality of plwss or glasslike
5} materiala, This report presents direct experimental evi.

g dence in the form of flash rediographs of secondary in.

terference by siliceous cored armor with the residual jeta

from ahaped cherges.
. Othar target materials which exhihit this ancnalous
behavior sgainat shaped charpge jets are ir.luded for com.
perison purposes,

Abatract Cerd ¥o, 2

is: adxnowlodged

-o8rds My Be eut
Reseipt of
Date

sation,

13 PP 5 I‘i{gs.

g Absiract Card Do, 3 C:ONFIDEHTAIL -
) A Flash Radiographic Study of Spseial BRIM 909
‘s Armor (U) July 1955

Julius Simon, Ballistic Regearch Laboratorieu
Aberdeen Proving Ground, Md.

Working on the problem of castine ermor around
quartzite blocks, the Detrolt Arsenal has developed Iro-
cedure vhich appears to be the initial ~tep .(ward waxi g
uze of the defensive potentiality ol glass or glasalik~
raterials, This report presents direct experimental. ¢  i.
donce in the form or Ciash radiographs of setondary i
terference by siliceous cor~i atmor with the residual jat,
from shaped charges.

Other target materials which exhibit this ano ales,,
hehavior agailnet shaped charge lets are included fo
pariscn purposes.,

Smanuy

Reoceipt of dbetract Card No,

RADIOGRAPIC STUDY OF SFECIAL ARMOR, ERLM 909, by Julius Simoa, BRI, APG, }M3. CONFIIETIITAL
'“ e
out out by
Bignaturs

is ackpowlodged
Agmocy
Cut here

A TLA;

Upon sntisfectory i(i-qtm
ocustodian of this Jowrnal,,

Date

i3 pp. 5 11gs.

LR PRI




